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Abundance estimation of the young cohorts of the Japanese Pacific

population of walleye pollock (Theragra chalcogramma) by acoustic surveys

Satoshi HONDA **

Abstract The Japanese Pacific population of walleye pollock (Theragra chalcogramma),
which is distributed widely along the Pacific coast of Hokkaido and Tohoku, is one of the
most important fishery resources in Japan. One of the features of this population in recent
years is the occasional occurrence of dominant year classes. Once a strong year class oc-
curs, this cohort accounts for the greater part of the age composition in this population
and subsequently sustains good catches for several years. Recognizing the sign of the oc-
currence of a strong year class as soon as possible before its recruitment is an effective
measure to assess the consequent quantitative situation of this population in the years
ahead. Quantitative echo sounder has been well developed as one of the oceanographic ob-
servation equipments during last few decades; it is widely used for direct stock estimations
of marine organisms at present. In this study, hydroacoustic surveys were applied for the
quantitative evaluation of young cohorts of the Japanese Pacific population of walleye
pollock, which had not evaluated by the orthodox method of stock analysis because of their
pre-recruitment size.

Optimum conditions and the seasons to accomplish the acoustic survey are presented
from the viewpoint of the features of the survey equipment and other conditions to con-
duct the surveys. The attenuation of acoustic energy due to the effects of sailing was meas-
ured on the R/V Kaiyo-maru No. 3, which was used for the acoustic survey cruises. The
attenuation by sailing appeared with the increase of the ship speed. In particular, the at-
tenuation was apparent under the head sea condition of sailing; maximum attenuation was
attained 1.3dB at 38kHz, 0.7dB at 120kHz. Furthermore, the attenuation by sailing oc-
curred at slower sailing speeds than that at which the apparent attenuation was recog-
nized on the echogram. This means that the attenuation by sailing exerted an influence
upon the acoustic data without the operator being aware of it. On the planning of the
acoustic survey by the R/V Kaiyo-maru No. 3, setting the sailing direction in a following
sea will prevent the underestimation of the acoustic biomass index caused by the attenua-
tion by sailing. Considering the weather conditions, various kinds of fisheries activities
that would obstruct the grid surveys or trawl towing, and the overall schedule of the stock
assessment of this population, early summer (June till July) was proposed as the optimal
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season for the acoustic survey aimed at juvenile pollock in the Pacific coast of Hokkaido.

Distribution, ecology and the estimation of the standing stock at age of walleye pollock
was described by the combined acoustic and trawl surveys conducted on the continental
shelf and slope area in the Pacific side of Hokkaido from Jun. 1996 to Jan. 2002. The shoals
of the young cohort of walleye pollock often occurred on the continental shelf area of the
offshore southeastern Hokkaido. Apparent diel vertical migration of pollock appeared in
every season and whole age groups. The range of the vertical migration varied with age/-
size and season. Since the echo sounder has acoustical invisible zones both in the surface
and the off bottom area, diel or seasonal variation of the swimming layer would cause the
fluctuation of the stock estimation. Seasonal variation of the abundance estimation was
wider than the diurnal variation; estimated standing stock in early summer was always
larger than the results based on the data taken in winter. Emigration of the fish shoals
from the survey area, underestimation caused by the bottom acoustic deadzone, increasing
of the acoustic attenuation by sailing under rough weather, were assumed as the potential
causes for the decrease of estimated abundance in winter. For young cohorts of pollock in
early summer, acoustically estimated abundances based on the daytime survey were al-
ways larger than those based on nighttime survey. Surfacing of fish shoals toward the un-
detectable surface layer by echosounder in nighttime was considered as the main cause of
the more conservative abundance estimation.

Correspondence of the structure of walleye pollock shoals to the habitat conditions was
investigated. In the present procedure of the allocation of acoustic energy from the pollock
shoals to each age group, both age composition and the average sizes at age of each pollock
shoal, taken from the trawl operations, are indispensable parameters. If we estimate both
parameters of pollock shoal structure using the information of their habitat location in-
stead of the numbers of trawl tows, we could reduce the effort for conducting trawl opera-
tion. The same as other demersal fishes, an age-dependent bathymetric pattern was
observed; age composition biased younger in shallower coastal area, then gradually be-
come older with the depth increasing. Furthermore, average sizes at same cohort also
tended to be larger in proportion to the increasing depth. Using these relationships as re-
gression functions, the age/size structures of walleye pollock shoals were estimated from
their distribution depth and the area was then compared to the real structures of pollock
shoals taken by trawl tows. Although the average size at age in the pollock shoal was well
reproduced and matched with the real data, the age-composition ratio could not be repro-
duced from the regression function of the depth. Particularly, since the age-1 cohort ap-
peared patchily on the shallower half of the continental shelf, a simple regression function
explained by the depth and area could not well describe their elusive distribution pattern.
This negative result consequently confirmed the need of direct biological sampling with
the acoustic survey simultaneously for interpretation of the acoustically detected fish
shoals.

Geostatistics was applied to evaluate the precision of the abundance estimation and the
optimal transect interval for the acoustic surveys. By applying geostatistics, standard
error of mean (SEM) of the estimator was extensively reduced. This was caused by the ex-
istence of the autocorrelation among the data taken from the neighboring transects. If ap-
plying the orthodox statistics into the systematic parallel transects survey design, it
neglects the autocorrelation among the neighboring data and regards them as mutually
independent. Therefore, applying orthodox statistics into the systematic parallel transects
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survey design overestimated the variance of the abundance consequently. Although the
point estimator itself was not varied regardless of the statistical method, applying
geostatistics could show the correct level of variance of the estimator. Results of the simu-
lation of varying the transect interval showed that narrowing the intertransect distance
would improve the precision of the abundance estimation of young cohorts of pollock.
However, narrowing the transect interval increased the total survey distance and therefore
the necessary time to run. Considering the expansion of the survey area and the allowable
shiptime, the present transect distance of 8 nautical miles was regarded as practical to ac-
complish the whole survey with an acceptable level of precision.

In the case of young cohorts of pollock such as age—1 to—3, significant positive regres-
sion line was fitted on the correspondence between the acoustically estimated standing
stock at age off southeastern Hokkaido (the Doto area) and the total abundance at corre-
spondent cohort derived by VPA analysis a few years later. These results meant that the
acoustically estimated standing stock of young cohorts of walleye pollock in the Doto area
well reflected the total magnitude of these cohorts in the whole distribution, despite the
Doto area is just a part of the whole distributional area of this population. By applying
these regression functions, the total abundance of the young cohorts those have not been
recruited or have just recruited recently can be forecast immediately. That is, the acoustic
survey for young cohorts of pollock well complement the weak point of VPA on the proc-
ess of the fish stock evaluation.

Key Words: walleye pollock, Theragra chalcogramma, Japanese Pacific population,
acoustic survey, abundance estimation

27

2

e

b

#

=] x FAE FEBEREECE Y R0 E
= 4.1 1-D Transitive /% ic & % FEHn 5| BA7 &= D 24
5 D e
V8 I O B & B R 4.2 1-D Transitive #:1c X 3 JA75 5 RRRNR o i
1.1 SEEEEAEORE & BIERIEE I 35 i
EA I - e
BT 958 EWRHAC & - T 5 BRI
121 FHEEIEROBT S OO ORIMEORE
1.2.2 WM oRES HEORE B BAER
1.2.3 MUERES & OSIaREE 6.1 HBEFHEO BB O 11BN E T
1.3 HARS X Ol ER T 2 2B 5
1.3.1 &% - g 6.2 24 by S EIHEBOSERED X OBl
1.3.2 JERMIED & ORIERER NS S 12 Rl oD 52 HEEREE 1T > W T DEE
E 6.3 HEAFEMEICLZ AT by s BERIEED
1.3.3 ABCHETED 2% OIEEIRIHEIRY L% D FERH & SR
L4 E%
= A
2% AT EGEIC B B R b 55 D5 i
TP & LR RIBI R X
3% FBEOAHAEEHIC S < M -

BIREABR OHETE 45 & O FaBESL G o £ in 43 i



28

&

[l

2/ w9 %5 (Theragra chalcogramma) &, It
HEE AT B B IEI R E R & LT b ER S M
D—DTh 5%, i ERLERI A HT 2R bo 5
713, ZONHiEEH» S, LESHAER, ILHRMER,
BERESR, KEEZRD4->ORBICHEINS G,
1979), 19804ERDIATIE, &SRFFE bENT NN b
vic baEWiiERE S I TWh, 19804 L
B, JeE R A#HR, JLHEMESR, REEDERO 3 REE
IO W IR ERESEIE L, B ICE B AR5
i b vEitR, LRMESRB L OCREERERE 1T~ v
Atk &M TIRWIKETHERR LT3 (IR, 2001a,
2001b, 2001c)s —7, RWHFEREFICB T 2 EROHE
B, 19704FERD SBEE RO 1 ETEIE2R 0K
LS 615~30J7 b v OKEAMFEL TS X,
A, 2001,

KRR, JLRTUE S S At AR
(LUM g & £, HEBOmRE, HILREER

45°N

AH B

T, $hromicE 3 IREB Mg ER> (Fig. 1,
JNIR, ARH, 2000, AN I EE O FEINE; O 71T
DRI N TV B D, EEICEVTRIESUERZ,
BB L CIIEEOENE VI N &/ TE
E#d K&, BRENOHMEIZNHE LRSIV
DEEZLNTWS (PR, 1985; i, /KR, 1995;
IRES S, 200D, —7, MAMKEBEORICERSNS
EEDNG L, REANTIROBIENKRE , o BHELE
LTERsN, KEERBICB T 2HEMAREOT 2
A EZZ 5 TWw3 (Nishimura et al., 2002),
WLy HERB L, HFEEEICHITLZR T b
Y Y SPRNNTT il E LTE, PIETL D 0%k
WIS N ZHILRFEEST SN TV UMK,
1985), 19804EALIRE, HHOHAMMEIc L, b
SHKICH T TOBRBIHOEMBEBIC R v 55 A
HREICOMLTVWSE ZEMNIHS L L - 72 (Miyake
et al., 1996; LM S, 1999; Nishimura et al., 2002),
CDRT by F 5RO GH % T L 7oA R,
N SEHEBEIC M T 52 B0 RKFER, BEAEED

ki S
Bay { Hokkaido 71000 m
40°N
@) Distribution area
@ Spawning ground
35°N |-l
140° E 145° E eE

Fig. 1. Schematic figure of the distribution and spawning grounds of the Japanese Pacific stock of
walleye pollock. Reproduced from Yabuki and Honda (2001) with minor revision
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Fig. 2. Age composition of the Japanese Pacific stock of walleye pollock in the past 20
years; upper: numerical abundance, lower: biomass. Reproduced from Yabuki and Honda
(2001) with minor revision. The cohort in black shading indicates the latest dominant year

class hatched in 1995
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Fig. 3. Schematic side and section views of R/V Kaiyo-maru No. 3
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Fig. 4. Variation of the gain of the amplifier of EK-500, onboard of Kaiyo-Maru No. 3

Table 1. Date and the position of the standard sphere calibrations of EK-500 onboard of Kaiyo-Maru No. 3,
and the gain of the amplifier at each calibration

Amp. Gain (dB)

o Sea Avg. Avg. Sound
Date Position Depth  Temp. Qal. speed 38kHz 120kHz

(m)  (deg.) (m/$) "Cal. TS Cal. SV Cal. TS Cal. SV
Dec. 1997 Off Kushiro Port 32 8.0 - 1490 28.15 217.09 24.75 24.85
Jul. 1998 Off Kushiro Port - 12.3 32.3 1495 27.90 27.20 25.80 24.76
Dec. 1998 Off Hakodate Port 40 10.8 33.4 1495 28.25 27.24 25.45 24.711
Jun. 1999 Off Hakodate Port 50 12.7 33.9 1497 28.15 27.32 25.50 24.99
Jan. 2000 Off Kushiro Port 50 3.0 32.5 1456 27.35 26.88 24.48 22.81
Jun. 2000 Off Atsunai 56 4.6 32.3 1465 28.56 26.42 26.03 23.03
Jan. 2001 Off Kushiro Port 73 1.0 32.4 1454 28.28 28.63 24.53 25.05
Jun. 2001 Off Kushiro Port - 3.1 32.7 1461 27.82 26.75 23.98 23.94
Jan. 2002 Off Kushiro Port 77 1.0 32.2 1454 28.08 28.10 23.05 23.66
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Fig. b. Variation of the noise level of EK-500 onboard of Kaiyo-Maru No. 3, in relation to

the ship speed
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Fig. 6. Occurrence of the sailing noise of Kaiyo-Maru No. 3 on the echogram at each fre-
quency and the integration mode in relation to the ship speed (June 2001)
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Table 2. Conditions of the experimental runs and the sea states

Le Direction Speed Wind Swell Wave Max. Rolling (deg.)
g against swell (knot)  Direction* Speed(m/s)  Direction**  Class class Left Right
1 Head sea 6.9 0 0.5 300 4 3 8 10
Following sea 7.2 0 0.3 120 4 3 6 7
2 Head sea 7.8 300 4.1 300 3 3 7 9
Following sea 8.0 69 2.1 120 3 3 8 8
3 Head sea 8.8 294 3.8 300 3 3 7 10
Following sea 8.8 85 2.8 120 3 2 7 6
4 Head sea 9.6 276 2.7 300 3 2 6 9
Following sea 9.7 74 3.6 120 3 2 8 6
) Head sea 5.3 319 2.9 300 3 2 10 10
Following sea 9.9 63 2.6 120 3 2 8 10
6 Head sea 3.3 0 1.7 300 3 2 10 15
Following sea 2.7 70 1.1 120 3 2 11 13
7 Head sea 4.2 298 2.0 300 3 2 8 10
Following sea 4.2 67 1.8 120 3 2 12 15

* True wind direction which was formed with the direction of travel.
** Relative swell direction which was formed with the direction of travel.
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Table 3. ANOVA table for analyzing the effects of the three different factors:
frequency, direction and speed against the attenuation by sailing

Source of variation df Eglrlr}a_r?efs_ sl\(flfgl{le F values p values
Main effect

Frequency (Freq.) 1 1285.550 1285.550  1334.570  <0.0001*

Sailing direction (Dir.) 1 38.261 38.261 39.720  <0.0001*

Ship speed (Speed) 6 7.728 1.288 1.337 0.2399
Interaction

Freq. * Dir. 1 4.450 4.450 4.619 0.0323*

Freq. « Speed 6 9.774 1.629 1.691 0.1223

Dir. « Speed 6 17.269 2.878 2.988 0.0074*

Freq. « Dir. « Speed 6 4.537 0.756 0.785 0.5822

Residual 340 327.512 0.963

* Significant (p=0.05)
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Fig. 8. Variation of the mean bottom S, and its standard error with increasing ship speed
under combinations of the three factors: frequency, speed and direction
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Fig. 9. Variability of the mean bottom S, taken for every 0.005 nautical mile run for each com-
bination of ship speed and direction. Broken lines indicate the —25dB level
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Fig. 10. Average of the bottom S. taken for every 0.005 nautical mile run including or ex-
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Fig. 11. Maximum rolling angles with the combination of two factors: direction and ship
speed. Upper: head sea; lower: following sea conditions
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Average wind velocity for each month
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Fig. 12. Wind conditions at the 5 stations located on a shore of the Pacific side of
Hokkaido. Both the average wind velocity (upper)and the number of the days that the
maximum wind velocity exceeded 10m/s in a month (lower)are quoted from AMeDAS
(Automated Meteorological Data Acquisition System)database
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Fig. 13. Degree of difficulty to conduct the acoustic survey of walleye pollock in the Doto
area in relation to several interference factors. Both the thickness of the horizontal lines of
interference factors and the density of the shading indicate the degree of obstacle to carry

out the acoustic survey in each season/month
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Table 4. Survey period and method, acoustic equipment, area covered and the number of trawl tows carried

out during each survey

Period Research Survey Acpustic Survey No. of ??é\ﬁf Notes
vessel method equipment area transect tows
Wakataka Echo sounder with  Kaijo KFC-2000
24 Jun.-5 Jul. 1996 maru midwater trawl (38 kHz) Doto 18 12
Yoko Echo sounder with Simrad EK-500 For comparison of fish
27 Aug.-6 Sep. 1996 maru midwater trawl (38 kHz) Doto 18 12 distribution at age in
Doto with June 1996
. . - Only the data recorded
5-26 Dec. 1997 Kaiyomaru  Echo sounder with  Simrad EK-500 Doto 18 17 in nighttime was used
No.3 midwater trawl (38 kHz) .
for the analysis.
. . . Only the data recorded
6-20 Jan. 1998 Kaiyo-maru EChO. sounder with Simrad EK-500 Doto 18 17 in nighttime was used
No.3 midwater trawl (38 kHz) .
for the analysis.
Half a month later than
Kaiyo-maru Echo sounder with Simrad EK-500 the usual survey
11-23 Jul. 1998 No.3 midwater trawl (38 kHz) Doto 19 24 conducted in early
summer.
. Echo sounder with A
7-29 Jan. 1999 Kaiyomaru % igwater/bottom S mrad ER-500 Doto 19 16
No.3 (38 kHz) (+9%)
trawl
Transects off Nosappu
. Echo sounder with . in nighttime were
16 Jun.-1 Jul. 1999 Kaiyo-maru midwater/bottom Simrad EK-500 Doto 19 30  omitted due to
No.3 (38 kHz) . :
trawl commercial driftnet
operations.
. Echo sounder with . .
Kaiyo-maru . Simrad EK-500 E. Hidaka Bay 11 -
5-31 Jan. 2000 No.3 midwater/bottom (38 kHz) Doto 19 %
trawl
. Echo sounder with . .
Kaiyo-maru . Simrad EK-500 E. Hidaka Bay 11 8
16 Jun.-5 Jul. 2000 No.3 midwater/bottom (38 kHz) Doto 19 95
trawl
. Echo sounder with . W. Hidaka Bay 7 -
6-31 Jan. 2001 Kaiyomars " pigwater/bottom Slm&dkg}{)ﬁoo E. Hidaka Bay 11 -
0 trawl z Doto 19 17
. Echo sounder with . W. Hidaka Bay 7 12
13 Jun-1 Jul, 2001 Kaiyomaru g fer/bottom  Simrad BK-500 gty Bay 11 8
No.3 (38 kHz)
trawl Doto 19 30
. Echo sounder with - For comparison of fish
21-30 Jul. 2001 Kaiyomarn i gwater/bottom Slm(lszdkgg‘m Doto 19 33 distribution at age in
’ trawl Doto with June 2001
. Echo sounder with . W. Hidaka Bay 7 -
6 Jun.4 Feb. 2002 Rayomard  Tiqcoter/bottom  Orad EK-00 BT pijaka Bay 11 2
No.3 (38 kHz)
trawl Doto 19 25

M ERE

*Small bottom beam trawl for age-0 pollock in shallow area.
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Fig. 14. Survey area at each survey period
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* 7z, BREOERMER T, CTD, X-CTD (ex-
pendable conductivity-temperature-depth meter; fif
W CRERREEKEFEER) ©XBT (expendable
bathythermograph; i W& T/KZFEKEE) 12Xk i
PR AZER L 72, S 51T, BEOEEMEIIBWT
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HIWrd 2 fcwic z o c—HERuEZ Tl L, to—
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B, 199646 A LU 8 Atk L &k, BN
Ik BIEMBT LT D - 272, ERBHORYE
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Sai _ Di - Osi 1
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Max

Max
N, = Z D,,- ESDU = 21 D,-1852  (2.3)
j= j=

TCT, i: fEHh
j: ERETROESDUDIEE
k: ERROES (ERPERD 256
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Fig. 15. Transects, trawl sampling points and the acoustic
abundance indices (expressed by s.)of walleye pollock in
the Doto area in June 1996
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Fig. 16. Length frequencies of walleye pollock that were caught by trawl tows in
the Doto area in June 1996. Upper: all area; lower: continental shelf area
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Fig. 19. Distribution pattern of age-1 walleye pollock in the Doto area in June 1996, estimated by acoustic
survey during the daytime. Height of the green vertical bars indicates the density of age-1 walleye pollock.
Because of the high abundance of age-1 walleye pollock compared with the other surveys, the height of bars

are 1/10 scaled
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Fig. 20. Distribution pattern of age-1 walleye pollock in the Doto area in August 1996, estimated by acoustic
survey during the nighttime. Height of the green vertical bars indicates the density of age-1 walleye
pollock. Because of the high abundance of age-1 walleye pollock compared with the other surveys, the height

of bars are 1/10 scaled
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Fig. 21. Distribution pattern of walleye pollock for ages 0 to 4 in the Doto area in December 1997, estimated
by acoustic survey during the nighttime. Height of the colored vertical bars indicates the density of walleye
pollock at age. Because of the high abundance of age-2 walleye pollock compared with the other age groups,

the height of bars for age-2 are 1/4 scaled
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Fig. 22. Distribution pattern of walleye pollock for ages 0 to 4 in the Doto area in January 1998, estimated
by acoustic survey during the nighttime. Height of the colored vertical bars indicates the density of walleye
pollock at age. Because of the high abundance of age-2 walleye pollock compared with the other age groups,

the height of bars for age-2 are 1/4 scaled
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Fig. 23. Distribution pattern of walleye pollock for ages 1 to 5" in the Doto area in July 1998, estimated
by acoustic survey during the daytime. Height of the colored vertical bars indicates the density of walleye
pollock at age
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Fig. 24. Distribution pattern of walleye pollock for ages 0 to 67 in the Doto area in January 1999, estimated
by acoustic survey during the nighttime. Height of the colored vertical bars indicates the density of walleye
pollock at age
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Fig. 25. Distribution pattern of walleye pollock for ages 1 to 6" in the Doto area in June 1999, estimated
by acoustic survey during the daytime. Height of the colored vertical bars indicates the density of walleye
pollock at age
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Fig. 26. Distribution pattern of walleye pollock for ages 0 to 7" and spawning adults in the eastern part of
Hidaka Bay and the Doto area in January 2000, estimated by acoustic survey during the nighttime. Height
of the colored vertical bars indicates the density of walleye pollock at age
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Fig. 27. Distribution pattern of walleye pollock for ages 0 to 6" in the eastern part of Hidaka Bay and the
Doto area in June 2000, estimated by acoustic survey during the daytime. Height of the colored vertical
bars indicates the density of walleye pollock at age. Because of the high abundance of age-0 walleye pollock
compared with the other age groups, the height of bars for age-0 are 1/40 scaled
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Fig. 28. Distribution pattern of walleye pollock for ages 0 to 6° and spawning adults in Hidaka Bay and the
Doto area in January 2001, estimated by acoustic survey during the nighttime. Height of the colored verti-
cal bars indicates the density of walleye pollock at age. Because of the high abundance of age-0 walleye
pollock compared with the other age groups, the height of bars for age-0 are 1/2 scaled
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Fig. 29. Distribution pattern of walleye
pollock for ages 0 to 7" in Hidaka Bay and the
Doto area in June 2001, estimated by acoustic
survey during the daytime. Height of the col-
ored vertical bars indicates the density of wall-
eye pollock at age. Because of the high
abundance of age-0 to 2 walleye pollock com-
pared with the older age groups, the height of
bars for age-0 are 1/100 scaled, age-1 are 1/20
scaled, age-2 are 1/2 scaled, respectively
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Fig. 30. Distribution pattern of walleye pollock for ages 0 to 7" in the Doto area in July 2001, estimated by
acoustic survey during the nighttime. Height of the colored vertical bars indicates the density of walleye pollock
at age. Because of the high abundance of age-0 to 2 walleye pollock compared with the older age groups, the
height of bars for age-0 are 1/100 scaled, age-1 are 1/20 scaled, age-2 are 1/2 scaled, respectively
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Fig. 31. Distribution pattern of walleye pollock for ages 0 to 7" and spawning adults in Hidaka Bay and the
Doto area in January 2002, estimated by acoustic survey during the nighttime. Height of the colored verti-
cal bars indicates the density of walleye pollock at age. Because of the high abundance of age-0 and 1 wall-
eye pollock compared with the older age groups, the height of bars for age-0 and age-1 are 1/2 scaled
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Table 5. Standing stock of walleye pollock at age in the Pacific side of Hokkaido estimated from the acoustic

surveys conducted in early —mid summer

Doto
Yr- Jun. 1996 Aug. 1996 Jul. 1998 Jun. 1999 Jun. 2000 Jun. 2001 Jul. 2001
class Day Night Age Day Night Age Day Night Age Day Night Age Day Night Age Day Night Age Day Night Age
1991 3.3 0.6 7
1992 0.5 0.5 6
1993 0.6 20 5 2.1 6.1 6+
1994 316 354 4 161 184 5 5.0 13.5 6+ 1.5 3.0 7+ 1.3 1.9 7+
1995 2,796.8 1,743.6 1 6423 9174 1 3764 437.8 3 1858 1394 4 99.7 1494 5 70.7 75.0 6 49.6 72.0 6
1996 175.0 119.7 2 624 53.0 3 39.0 442 4 19.1 20.7 5 21.7 34.0 5
1997 1200 679 1 859 536 2 53.5 576 3 22.5 271 4 18.3 29.7 4
1998 35.9 9.7 1 40.0 765 2 42.2 50.9 3 34.9 52.0 3
1999 65.2 339 1 23.8 195 2 284 102.1 2
2000 1,326.6 1,410.4 1 604.4 1,641.6 1
2001 4,593.4 8,599.8 0
(1,000,000 ind.)
Western part of Hidaka Bay Eastern part of Hidaka Bay
Vr-class Jun. 2001 Vr-class Jun. 2000 Jun. 2001
Day Night Age Day Night Age Day Night Age

1994 00 02 7+ 1994 00 01 6+ 02 00 7+

and Older and Older

1995 0.3 1.3 6 1995 2.7 28 5 0.4 1.1 6

1996 0.5 09 5 1996 1.8 1.9 4 0.2 05 5

1997 0.7 1.8 4 1997 2.7 26 3 0.8 1.5 4

1998 4.2 48 3 1998 50.9 26.8 2 3.9 6.5 3

1999 2.9 1.7 2 1999 42.1 98 1 1.4 2.2 2

2000 3.6 19 1 2000 7,650.6 4,025.9 0 121.2 453 1

2001 33,127.6 27,064.0 0 2001 4,659.9 2,599.6 0

(%X1,000,000 ind.)

(%1,000,000 in

(=9

D)
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EbITRELEAD LK (Table 5, Fig. 46), %7z,
19964 6 H ofE ClI B0 BEE 7 — 5 icho (HF
EEEMESEE O 7 — 5 1ok BEEMEM % L -
TWizoiext LT, [E4E8 HoPFHETE S hiclifs
HEEMEIZBER E SICRIIFEBREDMEZRL 2, 20014
THICEMLHETE, REOT7T— 7tk BE
EHEEMEE 6 A% Lo 2 EAE /R LI LT,
BRD 7 — s IS CBIFEHEEM I, Ko7 —%
O 4EggE TRD L, BEEIT - ERR I X 2 8HE
EHEEME O ZESBE ICHN I,

—F, AFCEMLHETE, 1999F 1 Ho##A
EREBRE, 2TOFERBBICBOVTHEO T — 7ok
S BIFEHEMN, B0 7 — 5 1o { HFEt
ElAE B - 7o, Bric, 20014E 1 HEAEICB T 3 05
fak X U20024E 1 HFAE BT 5 1k (& 6122000

Table 6. Standing stock of walleye pollock at age in the Pacific side of Hokkaido estimated from the acoustic

surveys conducted in winter

Yr- Dec.1996 Jan. 1996 Jan. 1999 Jan. 2000 Jan. 2001 Jan. 2002
class Night Night Age Day Night Age Day Night Age Day Night Age Day Night Age
1991 0.1 0.2 7
1992 0.3 0.4 6
1993 1.1 1.4 4 0.1 0.0 5 0.0 0.2 6+
1994 39.6 108.9 3 1.8 3.7 4 1.4 3.3 ) 0.7 1.0 6+ 0.0 0.0 7+
1995 871.1 1,196.5 2 73.7 88.8 3 26.3 61.4 4 44 74 5 0.2 0.8 6
1996 391.6 156.2 1 61.6 61.2 2 15.8 27.0 3 1.5 2.8 4 0.1 0.3 5
1997 12.7 12.8 0 102.3 91.5 1 32.9 46.4 2 2.1 5.4 3 0.0 0.4 4
1998 2.6 7.7 0 68.0 129.9 1 2.9 11.7 2 0.3 1.1 3
1999 62.1 61.0 0 3.3 17.4 1 4.6 10.9 2
2000 324 436.6 0 447.6 707.9 1
2001 124.6 231.0 0
(1,000,000 ind.)
Eastern part of Hidaka Bay
Yr-class Jan. 2000 Jan. 2001 Jan. 2002
Day  Night Day Night Age Day Night Age
i%fjftf;- 232.6  196.7 29.2 30.1 26.2 46.2
1994 0.0 0.0 6+ 0.0 0.0 7+
1995 0.0 0.6 5 0.0 0.0 6
1996 0.0 0.3 4 0.0 0.0 5
1997 0.0 0.5 3 0.0 0.0 4
1998 0.0 0.2 2 0.0 0.0 3
1999 0.0 0.7 1 0.0 0.0 2
2000 1.3 66.0 0 4.5 8.3 1
2001 152.8 168.6 0

Western part of Hidaka Bay

Yr-class Jan. 2001 Jan. 2002
Day Night Day Night
Spawn.
‘Adults 155.2 133.3 111.2 85.6

(1,000,000 ind.)

(X1,000,000 ind.)



66 AH

i
TRy

Trawl tows MT-7 MT-8 MT-9

I T T [ P ¥ T ; T
100m *
£ 200m |
e
°
[O)]
[m]
500m
100m
E 200m:
_C .
o
3]
)]
Nighttime !
500m ¢
Nearshore Offshore
Jan. 19980 Off Hiroo
20
15 MT-7 oy
10 - Seadepth 160m Age Comp03|t|0n
Towing layer 143m
> |‘ at each tow
0-
200 250 300 350 400
< 20
o~
= 15 MT-8 3yr.
8 ] 2yr.
o 10+ Seadepth 187m
S Towing lyer 168m | | T 1yr.
T 54
o ] Oyr.
(1 0 - rLl___TLJ____r_ﬂ

200 250 300 350 400

20
15 — MT-9
10 Seadepth 290m
| Towing
57 byer 248m
. T |

200 250 3 400
Fork Iength (mm)

Fig. 32. The age specific bathymetric patterns of walleye pollock and their diel vertical migration on the

continental shelf and shelf slope area in the Doto area, January 1998
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Fig. 33. Vertical sections of the echogram of age-1 walleye pollock school distributed continuously on both
areas of the continental shelf and slope in June 1996. Contours and figures indicate vertical distribution of

temperature
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Fig. 34. Vertical sections of the echogram of age-1 walleye pollock school distributed in the surface above
the shelf slope area of the Doto area in June 2001
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schools on the continental shelf area in the Doto area, July 2001. Contours
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Fig. 39. Offshore oriented movement of walleye pollock in the Doto area from June to July 2001. Move-
ments of walleye pollock in each age group at the transects marked by characters were shown in Fig. 40
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Fig. 39. Offshore oriented movement of walleye pollock in the Doto area from June to July 2001. Move-
ments of walleye pollock in each age group at the transects marked by characters were shown in Fig. 40
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in the Doto area, June 2001. Contours and figures indicate vertical distribution of temperature
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Fig. 46. Comparison of the result of stock estimation of walleye pollock at age in the Doto area by the
acoustic surveys between the time period that the acoustic data were collected. Fine lines on the top of the
bar indicate SEM of the estimated stock by 1-D transitive method. Only the data collected in nighttime was
analysed in two surveys conducted in December 1997 and January 1998
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A AT B LTy, FETHERB L FTSave®
FEICB T HE, FEFE6 BT 2HAERREOM
HED bRE L - 2afREHEIR G 120,

LI E R EIERIC BT B 27 v ¥ S D 4
RS & UK

—HOEFEEFMEOER, JbiE KRR O BEW
~PEMRIEIRIC O 52 27 b o ¥ SARICEB T 5,
YA X« R & S OKBE E OBRATRS i, T
BbHb, RS 5V A NS WEEZREL DD
BN B L, (R4 4 XASKE L 18 B 12> THA I
DEDZEG, FEWBDEE & CREMRIEEAN BT L
foo T OFERIE, JEHMEE O PEMI ~ BRI (2
5, 1993; FEH, 2002) B UHEBERRE (xR, E
7%, 1993) 1B AMAFMAE—H L, CDLH7I
Y4 X EHKEORR I, JLEE KRR T
THERT U SSRGS T, RIEHESY 5 BXLUZDfh
DEHAICBVWTHEE SN TED (Macpherson and
Duarte, 1991; Swain, 1993), E&HIHEONMHITHB W T
F— RIS TH B & VWA B, il e 1 X &0
KEEORIEEZET 2 &, JLlEREERICBOT
RNy S ERmARANRE L H BRI
AT aGAIE, HRABESZI AN TEEELLN
LEMESICHES EA SRR S S 200K E FE
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ZbNb, UL, 199646 A6 & 0200146 A 0
H#TE, A7 Y Y5 1A ENERD 5755 3WHE
OFRPEIHE THRL TOMT 2 HEMOBEINL
(Fig. 33, 34, ¥IHOERBHIcEVTR T+ 55
1A ONTEAFEN Fic & &% 54, heEE T
BENIC M4 2R T W HER S N2 D I319964F 88 £ O
2001E D 6 HDo AT, MifEE biT 1A OEHEEN
JEFITE D > 12 EMHDELE KX R EEHTH S
(Table 5)o L7cts->T, TOHRIF, FIEOEHEE
BIc KB 1AL LZBEIoARI D 5 B4
Wb EZONDE, UL, HEAOEREREIC
DWW, EBRICHEEREHAESE ML ERELT
Bl ETHD, HAERICEEHRATOBE L, b
BIICH R AR AT B0 EPITO VT ORERES
BT EMARETH D, TDIEEEETLE, HE
FET OB S E RO T/ E FREI N B
EEIC oV T b S ERICHECED TB X,
Bific B 3 ARRIGO G S L 0% O FEEHLRK % E
BRICHER I 2 2 EMWEE LW,
EHERICE 227 by 551~ 2EADNIZ,
—IOBIAEE (19964E 6 H, Fig. 19; 19994 6 H, Fig.
25) AT, BEEINEL L S P Ic » 0 TOBEHE
ISR OB e C#gs i, L, #AEE
A 0SB in R & Tk U 7220004F 6 H o 58a
FHEAETE, HEBHEToREW Lickswe, RO
B EERES 5 Widen % L2801, 2 5
Dot s N (Table 5, Fig. 27), &5z, #
20014 6 HIcHEHMM L 2f& T, HEinFis Tl
BRI E D OPEMIS 2 B2\ T, 2 AT IRIEA S
19" (Table 5, Fig. 29), H&EBRFEICBI 227k
U 7S HEGEE O DM ITEEER N KR E W LA S N
Lot AR, BB (1993) &, 1970~19804Ffk
TN U 7ol BRIRZE O FE R 5, HEiEvuiEEIc 0
~2IED AT by S ERMEHMEEN TS L%
R U Tco [EFEORERIC I3 0SB HEEHEEs & %
NTHLT, FHHEMBONHEIC D VW TOEMN LT
MET>TWHEV, 207, HEEEEHEBHEO
TR by ¥ SHERBODMEDOIKZITS &
TEHBVWY, MEOOSERRICZ T v ¥ S5 A
DA 5 T EH20008 6 FIZPR - HHR TRV
ERCOHAI L FREENE, HEETR, FIEOH
BT B 1 A EEEF A (20004 8 L 020014
6HO2EL»ThbATE LY, ISICHETRY b
v S SHEMBADONT Y — v BXUNHESKE R
Y, HEBIZBI 227 by ¥ S HEmARON R
DAEPERBER R E L COERMADOENERE I 5D 5
HEBLUBGFRIEEICSA 2B OV TiRmKET 5
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WWIEMBABLTVWS, LrLuns, DigdLd
20004 6 H oA I BT, [HHEH o @& s iR 1<
T 58 LFAREOHMADOHMAHEBRRERICIE W
THERE N ER, A7 by ¥ 5 KEERE2KE
LCOHRmBEROBE LR 2 &V RifFFLo HI
oI, HEBCBY 2HHBAONH R0
EINEXMETHLIERELTH B, Sk bEFME
e CHEERRICB O 2 AR M L, g
ek 2 G5B DONTE, BLUZoEMLEICD
WTDOF— 4 2EAERLHIZT, AHDTHEERE
AT 227 o451, 2EADTKVITD W THRE
TEMEMD 5,
BRI BT 227 b v 85 0 EADS
FICDOWTIE, 6 OB ETIREKEE DR LUOH
EEO bR THEEs b0 (Fig. 27, 29),
BRSO I B VTR 0 A0S hNTERE S
tAEZ 15 - 72 (Fig. 19, 23, 25, 27, 29), —7/, 2001
7 icEREBRTHEB L LHETR (Fig. 30), #
BRI D S RRIBIC B TRED 0 EA DS
A bohil, &5iI&FoHfHEcd [Fig 21, 22, 24,
26, 28, 31), BB ZERMELT, WFhLOEITH
WT HERBIRT 0 A0 mAR o N, EH, 78
£ (2002) # & OFNishimura et al. (2002) 13, EZF
P OKEICH T TOERBIBICHMT AT Y55
0 mefe o A HEMA H TN 2 HE L 7265 R,
BB T 5 0 RO KA KEE RN
DCETNIEERTH 2 A et 2O pIT L, E 12
AH (2002) &, HEEEHRELELT v — A
RERL, EREEHRICBIE27 MY 55 0KADIR
EEREK LB 32 Fetontcbon, BEUHO
Hilic ik 1 @ e TREFEASBE SN, -2 C
EERLI, TNODREREZEES 5L, 200046 &
V200150 6 Hic HEBEinET, £720014E7 AicE
HHEIME DGR TIEA A b9 85 0ADHK
BhE, WKEBBTIMLL 72, SRS ABH
oA e R b D, PIHORKETIE
BRSO RENTE T LTV WEEZ SN, &
B Ic AT 227 b 85 0B OHRLBEIO
FiRicowTiR, HESTRIR OB, SKER
BMENMETH B, £ 1, JLilEKEERELADE
HIcEDOBREDR T by 55 0ABAH LTV S0
WKOWTHHShTIE L, LiL, DL bRE
RIS BT 2 0 OBIFREZHET 255101, 6
HoEdEs & W Bl &R oMASGbEIT L 55
B, AHIHBOLEERA IR HEHYTHSC
LR ENT, 6 HOFEBIT BT 2F 3 H{ERNE
T 1AL LICRET & TH 3,
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o HEMERE S B RHEEIC 5 R 5 8

AWFFRIC B W CEME L o BEERAETE, wih
DOFEH, FRITBW TS, EANICEMIZBIEMNTIZ
CTEBL, WRECHE, #F1Ld % 0EMERE»IER
SN, BT, RFETERRET S 1, 2iKAEEHTD
WTiE, 6 HofETld, BRITHEBIEL SHEL,
WEBE EH 2 W IidhEEIC )M 2 BRSNS  BES
nfc (Fig. 35, 36)o COFERIE, WBIEKFT vy KV —v
DEBICKIZBEGFREOBE/NEEDEHRE (Aglen,
1994) 2NET 2 HEAFHFEIC & > TRIFHE 25
WMThdLVA B, —F, AEOFHMKI EEICK
BICPEV, BEEHBEICEEL, KMbsxoFELE
FHIE I ICB F 2 lF0EE&I ML 72 (Fig. 36)
Fh, T~8 Hh CoBREE RS hiclE (Fig.
3D BLUoLR2~1 AoAFicERmIncHETE
(Fig. 32), 4FE#icBib & 9" 0 FESREBE O B
Pl polEMIICRESN, BElOoza -5 4T
BAEBSBEICEOM X5 enml, BRlicbdn
ICHEE D 2 Wikt E E TR L9 2 TR SN,
TOLDBERBXUOEICL 2 HEBERT S —
v OEbIE, FEBIBGFREOHEE/EICEML T
oo BHEAEIT BT BERT, BRI 0BT EHEERS R
%R L 7TFig. 46% 4 2% &, 6 HOMATIE, 19964F 6
HaME, &iFdhs BRI IEREOHERIEEM
NELN, ABEICLI->TEHETOEVARONS b
DD, 3iEHaL EOERMEETIE, KHOFHERSFICHK
S B EHEEMED, BEOFEAKR KOS BEHGFR
ZbEoic ERl a2 En s/l onc, TOBHE LTI,
S TIREBMEEL TV MESERIBED &%
L, BEFy FV—=vholkd 4 T itk EEO
HHEEMEINLIENEZ NS, — 4,1, 2IKO%H
TR, SEA s R, BEo#EERREICE L
BB CHEARMOFAE IcH S HERE LR 51E
mmA S (20014 6 A& IC BT 5 1A ER< ),
Bz, 199646 Ao @B Ic B VLTI, BEOFASGLEE
EO K HERNTEM, HHoHEERKRIcESCH
HEMETEEOL6EITZEL, HEEFEN L 2RI X
DHGFEHEEHBICRELENE U, ALk
IZ, 6 HOBEERICB ) 2GR B THEBIE, S
HELTHHALTWARIEND, BETFTYy KV —v0
BT K B B O BIE R HEE 08/ NEE DB %
nrAfEl R+ EIL oS, L L, BREOBERE
EEEESKEEICE SN 2 HFEEHEEEE LR 2 720
I, HESAHMANEERS, HEBETELS 35
KELTE, 27 b9 8 SMEDOTSwe DBRICEK 27
It UORBEF Y NV — v DFEE (Aglen, 1994) O
HREMENEZ G B, RIEESY 5 (Gadus morhua)

Zhr—VNTEHEL, ZOTSOREIZLERIE L 1k
Rcid, TSEEMICKESKITNS B9 — v
EOKL, BHRICEATSOXE3~5dBIcEL -
VIO EMNDSH S (MacLennan and Simmonds,
1992) —/, ILHHEPEHREARBICO/T E X7 b o 5
SHRAB X UORKAENRIITONILRT b 55
BHRFEFEE T, 27 My Sy satthofiilianiin
situ TSONMITIZBRICLBEHRBBEINLE ) -
fo (B S, 1999, 7272L, Mo E, WRET S
TR 4 BRI Z T EMD, TS (1999) DF5E
Nz D F FVHEOEFIFTICAHT 4RI U T
FEEHLEPIOVTREAHTH 5, HEETIE, 7
B OEREASICATTT 5247 b9 5 5 DTS ave®
HEAZA LD A[gEME Iz > W Tid, HWrcHWA 2 DT
X BIBEWMAVDIE L, BRICK 2 BFEHEEE O ZREA
DFBAETNT 5 T & 3LV, —F, KEF Y PV —

VOEBITOWTIZ, 19965 6 HE X U20014 6 HD
FHEEICIE, BEEORAS by YT 1A, R’
BT E cE LT AT BEE s (Fig. 35, 36),
INSOMENRERET Y N/ —VITABT EITE-T,
WD 7 — 5 1o  BIFREHEEE &/ MEES 1L
HHEESEZ SN b,

Shida (2001) (&, FHEMAZFEREEH WV TI9964EE &
19975 H O WM Ic B 35 27 b v 45 1, 2%
.0 0 FESEB T A 4FFLERBZE L 7o, T DFER,
BEOERMBEICE T 5247 by ¥ s ERaEE, 4
BICHIKE i IR R, BERICHT L Ao —
g ~F L L 72k, BH O 2 Kifildis 5 Hok4
IR LIRY, HHIFEICEE ETERE o falt 2 fak
TH5EVHEMBTHEREREZ R L, JO, &
W Sa B Nl E BB OB TH D, HRER
IZ Sa MIEEITEL, WIS &KW Sy 05 5 i
MW EAHoBE%Z T, Al» S 3% E ToORME
KBTS S, BEED Sy &0 bEWETHR L 72, —
7, RFRICBI 27— s olgtickvwCid, HE1
MRtk & Hi% 1 BRI % cORZ BRI, H& 1M
B o HM 1R coMAEKRMETELTED,
BRITHNEFAHOMESTROBESEL 7T~ 2
& LT -7, Shida (2001) 23EXZ 72 HESERH)
DY X LH, KHFFEICEBTS 6 AORAERICEVWTD
FEIFRICER D SN TV S ERE L 5a, RIFRTHR
U7 HERRTHR OBRETIE, SaBHRAMES & Ui
B4R L H&RERB L CHHERORBRHSVLTN
bEENTVREL, X5, BRICIIFRITh O B
BUS DD I8 W &, - 0 HER ) UG o 58 W IR
WOREWEEN, FEMICBVTHHEROD LK
FIRB DRV ERTH &, HEETO RIS 3 5 K
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HOWMANEENBE I &I, LT, A4 b
v ¥ 5 Ao 0 BRI S BlFEEHEEE O
HEZS»HE# S, HahiEcEBEsnikeb%
Z oMb, RUFKITEB WV THE SN ERBIHARDOHE
ERE IR, 19955/ BB T d - 7o T & ZMAR]
KR 2708, HMAOFERSEEOLHEERATE
D, BIfEOFHERMTRECBV TS, ERMOMHET
B EFEImRHETcETWwWEEEZLONS, £, &b
Z O/EVFIRAERO NN R L, BlEE
DELHEE S N BT O & 20 R & L CTEBESE
TohikiE, HEERAEOEMEMLL L Cidmd T
HENTEH L, UL, RonRKHHNTREEHE
HHEAEEE LR INE RSB VAEOEEEEAL S
&, ERMEICY T BRI S L RIcHIiRde 5 2 &
BEELWEEAONS, 4%, FRBIEGEEHEEMED
M & LT oAk d S 3541, X7 by
S5 Ao HESMERESTSO HAZ#c>VWToD
ERER IR A A ER I LT, HRAEFOTERE
ZZE LR To X 0@y s R R O E N LE
K5 EEZEZON5,
T~8HBXUI2~1 HOHFETE SN 5 HEHTID
BIfFEHEEE T, 19984 7 HB X TF19994 1 Ho#H
BxbrE, BRI TOEREICE W TR DI
— SIS BIERHEEMENBM O 7 — 7 ic&Eo<
BGEEHEME Lol- 7, CoMMme LT, WhE
A SEEE « % 19 3 2 &k » CHERIFEHICIEA
SN TV ED, BEEIEICIERE « KI5 &I
LOBEFT Y PV —vARREGEEN L itk (Fig.
32, 37), BREICIURL 77— 2ok W THERHEEM
WCB/NEERE U D EEZ SN, 20014E1 H,
20014E 7 H B £ U°20024E 1 Ho#E TR, S8EFED
2000 OFEMIc B VT, BRICK 2BEEHEEMED
EMELLIEARLL (Fig. 46), ¥, 200141 Ho
HEITB T B 0 (200044 oBEFEHEE TR
KD 7 — 5 1o  BIFERHEE T EFEoFEHFK o
THIFFICEWEEZR LD LT, BoF—%
WWES K BIFEEHEE T IRmD TRWEICE Y, BR
il T 20005 4% D MR B FEM A 4 < AL 25 R & 72 -
foo [ERED HESAEBE ¢ 7 — v 8B X O BIFEHEEM
DBEIC & 2ZEHF, Shida (2001) H319964FE 6 & OF
19T O B ICEREBIICAHT SR 7 v ¥ 5 4
AT BO TR LR E - L, £/, HES
(2001) &, 20004 9 H ©BERIT/KZE144~330m D EH
Ptk ds & O EESREMIRT RIS 3 W TEIKIEIC £ B R
FhwysaEoHEBNETY, BHOERBICE T
LR by S AENEBED S 3mOEFETHE E 0 i
KT AHETFEBE L, CThoDERIE, WIFhbik
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B oXFLI NI CTOERBIFICAMT R b8
SaNRE LLBHFEHECE VT, BHEEZ<0M
EPHEIET v K — v E 0, RER#/NMEE
X ﬂémﬂz‘)i‘f}ﬁh\ EERBLE, Do Eho,
BE P OAFICP T TOERBIHICEWTRAY by &
7%ﬂ%&bt BEFRHEET OB, '
F =5 &S AP LD HOVHERIEEESE SN
R | g

A DERIFRIT B 3 HE SR OB & 2 0 R
FAERHIC L > CHBIFEHEEMIIRE &b LT,
Fl—FERK OB FEHEEEOHER 2 FHEDNHIZE S &
(Fig. 4D, £ OFHFITB VT, PIEOHETEEL
xR L cBIERIECES, WEFEROLXFEHETE
RELWDLL, Bz 0FEROYIEOFHETHUIKR
MEcHnL, FEHIGLTETHE#REDET vy — v
ERLIC, MIEOHBICHENTEXTOREBICE T 58
EEMEMMEDT 2ERNE L TR, Z>0MEHANE
Ao, —oiF, Ao EREEICE T 2 BFE
ZDbDODEDOTREENEZ SN B, WIEDERE
B Lo o —if s AR I i s o A B
L, Z0%E 6 A TORICZEN 5 D aMNEERIG
WABAT B LS BE) - [0l Yy — v DEIET 518
S, EHIEERICE T 2 BFEEHEMIEHICECT
EFE#d s &iciss, 2oL HEBHIT, BRACE
LEzRRflc W T+ icEZoNd, A7 oS
RVFERBCBVWTIE, 2 < OEED 4 5D L1
2z 5EEbi, TNFTREPE L CHHLTE
TOBRERD O, EINEMNIER S 1 B BB O
B THEIT L EBmonTwd (FHH, 1979; &
a3, AR, 1995), L L, B> »w Tir&Ho
@%-EL*%?%%Ei%iD%%Mrmmm
19974F 123 88 £ T719984F 1 A icdife L CHEM L 72 &
<3 (Fig. 4D, F1 1 AORIcz 7 by 55 2%
(199548 OAHES G ~EE T 2 F oS
N, EHEIEEOANDOHREOBEOFMITO WV
T, ABBELREONTWAZIE b DEMIiTEL
Mot MPHEAESDEEIZ~ 1 HITEE L 7058 E
AL T, AHRETIEE X 0 A, R sy
BWHHT IR - T L7z (Fig. 21, 22, 24, 26), &5
2, HEB clfgmigsih kL ckicEiishic
20014E 6 £ U'20024E 1 H oA i3, BEIMEED S
FEFLIR PG ] O BEMNIEC 2> 1 € 0 sfa s L O 1 i fa s
HHRITO L7z (Fig. 28, 31), IS DFERNS
KXFEOILEERYEERITB Y 2 27 b v 85 kAR
DO AEZ, SIiEE LIPE O W EHE R A O gEE N B
U HEBRELE coLEEIcbi s —h5T, EH



80

W T 2R E LEEROXFTFE T IIERA DS
WBOETEREHE L LAETRE s ciedic, 0
HEESE/NNEEEL S - 1cafREE b B A o e, L
L, Wams08ZEcihiRLERIIEA SN
2000 FEHOBHERHT TR, HEBEREIOMHT S
0k oBFEIEER (KRD 46,6007 (Table
6), EHHFHEIC B 5 W O BEEHEEM: 4 13,660
JIRBEGFTLTH 52607 L, FF 6 Aol
B 2ERTOBIFREMETCE: 13(22,66077FE (Table
5 ZR&EL MO, —7, EHEEE Y RN
WED R FHEENDOB O aREIc > VW TiE, £FD
LA PSS EIEIC B 2 E - Bl — s BEE LSV
fodh, ERERIHEREEL W, Lo L, EEEEANI
BOT O MR DO & & O FE{ D #EE IR 2 i I8
#h L (Fig. 21, 22, 24, 26, 28, 31), #EKLIH D i#g
BloB W THERADDTHENERONZ I ENENTH -
2o INODTEAREETLE, LOKEMNKLS, &
M oERREEE LCRBELLEREBSNILANE
IR RO A A, BEIT 2 2L RBEBAC
W TDEIIT, 27 by ¥ SHEMADOHIFENTE
EPLFEFE BV TRV T 2L, FAdEoH
PHDE VS 2 W IFHE AT O E W, S OB c4
THMAT 2 2 &3, RFE» S IREETH 5,

AFZFEICB T BIERHECE? 6 HOFHEICE T
AUIFRAEEMEZRE S TRHS Z>HOERE LT,
RO BEIC & 2 BIFREOEH LM, BIET v K-
VI BBNEENREZ SN D, XFFECTEHESH
feRA g by s A, BEIEEEIGRDAA XS
S L, Bl PIcEiKd 2 WidhE~NFE LT 5 H
FAsiERE 2R L (Fig. 32), 1, ®wRlicsF 3
BHOLRICBVLTH, 6 HOPFAO LStk - h/E
WEcABENF LT s LR, BEMIICEE
LR Z < BEshz (Fig. 32, TO XS HE
HEBHO/ Ny —vh o, XFHERKICBTSE X7 b
v 5 S aHONE, 6 AFERICE T 3 aENmIC
W, KTy KV — v O BEm 20T uEY:
Wb - Tce TNDBUFEHEEMS R O#/MEE & L TH
N, ZFFE BT 2BEEHEBORDIT O -
REREMEASE A 5N B, ZHOBOBEREE LT, &
MR T cHEERAAZERT 2 Lick b, HiE
T X 2B/ EEDRREESEZ S b, 1.2, 3 i
Tld, AUV ICHEMRIC B 2 HiERE O R
IO WTERL, ER#H38kHzIcEB W T, B E#
HH» 52 2 HE0EE, MET.8~8.8/ v
Tl3dBREEDRENK I EE2WHLMIT L, &
DRI S &, R UKRRSEHTICEB T 5 e
JEIZ IRt 2 R DI TRl 5 T EAAEETH B,

AH BB

UL, EBE25FEMTICBVTE ORE DLW
EOFRET Z0ICo>0TE, HIRTETFHRRETSH
%, Fig. ATicm Lz &1z, 1HE 6 Ho#E IC BT
AHFEAEMBOE I BB L Z 2ERIKREEZL SN D,
i1 AoFBITBWT, mRITkD 6 HOREEICLE
~N 3 ABRRE OHUERES AT N, HEEHEM I
FERED1/2% T L, Fig. ATICRLEREOEEH
BtxTlEd, o00BERE L TEFRBET
FY—vOREICOVWTHEL T ENFREM, [HLU
FHEICHEM s N PHER TR A g4 2812, Al
EROBRBREILTH Y ZNIFEMBEIIRE LRV E
Hbhz, L, BER2FHoOFHEICL->THELN
HGERETEZ LT 285810, B A TIREE
B L OREEM I L 2 HERE LAY O SEOE N
DEERHEEICS A 380> W TIEM S IR T =
BWT LT HEET 2HMEND %,

HEZOBERBHICE T 525 95 5RO SME
OB & A7 B HEE M D 4L

19964E 6 A LU 8 HIlcEHMsIc s W TEML /2
HEEFEAEOKE, 6 HIcEM LA LT
2 by y S Uk (199588, sSfER) ombt
1, 8 I IBEIE AR IcBVwW T LT -
Hyggshiz-osT (Fig. 38), HES W BHES
HEEM S, 28R (BRED »50.9/#E GEMD ~&, 6
HHERO 2 i E Tl L7 (Table 5) 20014 6
AB IO T A ERBEMGE c M L 7o BERAE
T, 15 Ao, & TOEREED N MHIEEE
D&M DH 50 EEAmEABE L (Fig. 39, 40),
pOoBMoOBRERP®RE ZHETHERI L
(Fig.36, 31, MBfoma~oB&# %19 2 ZHR/iZ
S TEBVA, 1% AORICEEM EoKiRo ek
C2~4EREEERLTEY (Fig.36, 37, KEo Lk
FLUTREW, K D IKIB RV SIRA~EE) L 7o nlRERE b
FEAoNb, 1, 1M (200054 DOBFEHEE
g, BHloFr—sicEIfERTE, 6 HO13{E
2,660 HED S 7 A D 6 544077~ & KigicEd L
DI LT, BEOF— 5 Itk HERTIE, 6 A
144%1,040 /7 &, 7 H»516{84,160 HE & 12136 UiE %R
L, 19960 6 AL LU 8 HoFEMER & 3B 5
M%7~ L7 (Table 5, 6, Fig. 46), 19964, 20014
DOHFEICBVT, FICBEMOFHET — 7 it CBFE
EHEEENFHOMETE &SI L aTRICE, T
O X S I BEAHMEBEICEET 2850 AT
TEiTky, WET Y KV —ryRIZHHT B EEDE|
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P ENEZSND, 20014E6 HB LU T HicHEE L



FEEFHBICE S XY v 55 (Theragra chalcogramma) KEEEREED i O LT 81

B ICB VT, BROMET — 7 IcES S BiFEH
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N2ZAREE 2R T 2R EEX b EhTE D, —
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HuTs, MERICERERENR SNz, 19964 8
HoRBEOHEL, BROFNOF -5tV Th,
B G O SH#EFB L O HEOW S & bICFEE 6
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TEBWIREBICh - &M TFRHENE, EXAOND
RO —2 13, 19964 6 H & [FIhkic S B (3 A v
KAMLTWEbD0, BREBICHEET Y FV/—v
NI EA L OERSSHEL, BE,SZLEET, @
INERE & 15 5 A REME S B By b O —DDFENE LT
(3, 6~8 HORMICH AT E R A SRmB L 72
FIREMED ST 5N B, EFOBELDFIHEM I > VW T,
19964F 6 H DR T I3 E HEEM I @ 12X 2 T
RSNz 27 b o 55 g (19958 »3, [64E 8
HIC3BEINHETE & F - A MBHEES
eD AT, MOHRIZREO AT BN s iz -
ez Ems bHBEN B (Fig. 38), KEITHTML
TV IBERENRE CABE L -OIT> W\ TOER
BRELNHTVRL, KIFETHEONIT— 5 DA T,
BEICEBIT 527 by v S ERBOBEFED /DG
JIENOBBEI X2 MEED A SHELTTO LD,
S SICHTABMED O OB B T - TV B DA KT
T35 3REETH B, LrL, EHEEBRICHHT S
2 by S S EmARAENR L L CEEEREHA K
fid 28563, HEREEBORDIRE D 5 25
Hkod, 6~7THoWEICEMKT 213555, [HED
Dz ST E T,

BAET ARy V9 %5 OBIFRHEEIC RIETE
L2

2N ST REEEIRL - TOHMT B RO EE I,
BEEFAE BT 2 AN EH L T2 ERO—
SEBE, AFTIVEMTT v bR, KEICEK
BT A#HLTHmL, FE» oRERE THELL
A b ¥SERET AT AR LN, LhL,
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Fig. 50. Fork length (FL)distribtuion, regression lines and their SD of mean FL, and the age composition
rate at each age and area in relation to the depth. Both thick and fine lines in the graphs of the center
column indicate the regression lines and the ranges of SD of mean FL distributions against the depth
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Fig. 51. Transitions of the age composition rates with increase in depth estimated from the logistic
regression

Table 8. Variation of the results of stock estimation according to the applied methods of age decomposition

A Line-D (E. Kushiro) Age-1 Age-2 Age-3 Age-4  Age-5<  Total
Conventional 17,228 8,058 6,666 49,142 2,222 83,316
Age composition ratio (%) (20.7) 9.7 (8.0 (59.0) (2.7 (100.0)

This study 6,918 10,120 8,051 45,792 4,492 75,372
Age composition ratio (%) 9.2) (13.4) (10.7) (60.8) (6.0) (100.0)
Variation between the methods 40.2%  125.6% 120.8%  93.2%  202.2%  90.5%

B Line-M (W. Kushiro) Age-1 Age-2 Age-3 Age-4 Age-5<  Total
Conventional 269 21,382 10,104 7,578 669 40,001
Age composition ratio (%) (0.7 (93.5) (25.3) (18.9) (1.7 (100.0)

This study 859 14,346 8,606 10,653 1,008 35,473
Age composition ratio (%) (2.4) (40.4) (24.3) (30.0) (2.8) (100.0)
Variation between the methods 320.0% 67.1%  85.2%  140.6% 150.8%  88.7%

C Line-Q (Erimo) Age-1 Age-2 Age-3 Age-4  Age-5=  Total
Conventional 4,227 10,619 6,720 8,573 1,565 31,703
Age composition ratio (%) (13.3) (33.9) (21.2) (27.0) 4.9) (100.0)

This study 1,612 8,271 6,545 10,061 1,565 28,054
Age composition ratio (%) (5.7) (29.5) (23.3) (35.9) (5.6) (100.0)
Variation between the methods 38.1% 77.9% 97.4%  1174% 100.0%  88.5%
*No. ind. on the rectangle along the transect: 8 nautical miles x the length of the transect. X 1,000 ind.

D Total quantity of the whole area Age-1 Age-2 Age-3 Age-4 Age-5<  Total
Conventional 35,911 85,915 62,369 185,768 18,216 388,178
Age composition ratio (%) 9.3) (22.1) (16.1) (47.9) 4.7 (100.0)

This study 20,591 70,990 54,695 201,713 25,514 373,503
Age composition ratio (%) (5.9) (19.0) (14.6) (54.0) (6.8) (100.0)
Variation between the methods 57.3% 82.6% 87.7%  108.6% 140.1%  96.2%

x1,000 ind.
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Fig. 52a. Results of the age allocation of echograms of walleye pollock using different estimation methods

both of TSivw at age and the age composition rate (1)



93

e

Y&

%

X %24 b %5 (Theragra chalcogramma) KN-7EREE D #5Hh oD AE

AT

HEER

() oSre[Uo

(s9[Iw [ednneu) AdULISIJ

9¢ S¢ P& €€ T¢ ¢ 0¢ 6C 8 LT 9T ST ¥ € ¢ 1Tt 0c el 8 LI 91 S ¥ €¢I ¢ II Ol 6 8 L
A\ S el il - —— loo
[ N MOk ]
/ i-_ N ! [ 1 S0
/ t.\/\ | 01
ST
0c
SI0J0BJ [BIUSWIUOIIAUD 9} 0) Surp1oode aje1 uonisodwod age o[qere A
9¢ S¢ vE €€ T¢ 1€ 0¢ 6T 8 LT 9C ST ¥ € <CC 1T 0T 61 81 LI 91 ST ¥I €1 T 11 Ol 6 8 L
N\ - S )
[ - =
/ IJ > S0
~ - I 01
ST

(wypur) Aysuaqq

(i pur) Ansuaq

101ewmsy A[ddy ——
Jorewnsy Addy =
(our] SunoquSrou
woyy porddy) v
jurod (mery, v
¢ mer], Kddy ——
Z me1], A[ddy =—
1 me1], A[ddy ——
pdoq—
[ 25y W
7 o5y
€38y
o5y I
4G oSy

PR B O N [ o o N Lijorba

(O-dury) uoray ourrry

Fig. 52b. Results of the age allocation of echograms of walleye pollock using different estimation methods

both of TSiv at age and the age composition rate (2)



94

Bl & EEAEE T O TOM T B A ERES
256, FREOSLEMAMETRELZITY L0 b,
IKEEDZEAL DD I3 WEEMGIER CREEITS &M%
<, ZOfERBBEMZIE~ LEEEE 943 554
BAKOERHERILE LTlEHsN S, 2Dk, b
W ER~ a4 4 5 St D ERkE Rk L,
MR RIS 2 T 313 St ic @ L E R i o)
DEHAIC XV RIFER LS, TOTEN, S
Th 5 5 mall LoBEESMEREIC X 2HEEM LD
bRESFHs NI ERTHAS EEZL 5N E, T,
1 OBRERTMIc>WTIE, AGENEAE LT
FREREIC X 2 BIFEAEEE D 6 Hgg LD b
SNAFEREI 572 (Table 8D)o LA L, TEREIC
R2 &, ED (Table 8A) *Q (Table 8C) @& 5
IHERED 4 Bgg LD REL O34 L, TR
M (Table 8B) @ & S IZhERikic & 2HEEMD 3 558
LELLZSHABE L 2G50 Oy — 2@ s h
7o THE, 1RO M/NY — VX y FHTH B
CEICHRT B EEZ LN D, Fig. 48IT/RSNIKE
FRICB T 2EMBNO N HEEL Ny — v 5 b, 1A
B, FLEENTH > THOERITE->THMLAED
LIS otch 0ENKEL, B UKEHEICOHT S

AHNTO 1 ADEIENKELEHT 2T E05bh
5, TOXIIT, 1EBONH/ Ny —vidX D EHD

B ic Ty y FIRER DS, BRE % 3
WIS ) U 7 FRE D fIs X 4y & BIAE 0 E AR bR o fH
AEDLETRFHCEBRLENEVEEI OGNS, £
D1, Fig. 49a0MTT02 CEFRD ©Fig. 49bOMT
16 CEMQ) ook e, ARHHLTVWEIERT D1
O ME, MEFRICES CHETE S ICHE
TEUN o710, #HicFig. 499bOMT12 CGEHP) D &
ST, AR TEIOMPIER SN » - Eric 1
BAOAHERTHINS & V- HENS CFREL,
R & L CTHEBDRTE L ABEEHEE O I8
Mol TENEZOND,

BT DL S T D O 7 LIS O AR B 43 1R T D
A &k

bk os@E Yy, FEBIEE R EELIIR: 0. 36
DB IC & BHEE TSRO MIERARIC X 25 &
BRIEFHECHEREZRL, AHOMAEIC K 2HEESEX
ThiT EhRraht, To—k7T, 22 Kick3
FEWMORIZBOT, 0w & EBICERL NS A5 THS
FEpFHAR L p OB B K U E s S  BHERHEE
fdid, Fric ko smiall hick v, ekt
L AMTERMEERECBRIERMRS N, bR
Pl FoiEERGERICOWTIE, ARSTMERHRE M

AH BB

WA DN, WEREICE BHETHEE D bREL K
BHEAINREN, ThRECHhE o EEBEEMRESE
DT HEHRICOBRSRIE L ichikT 5 &%
Z oNt, BEMIEEEE A O B A s 1o i 1 T
BRI T 2 247 v 85 BB B R &
KEOBIRIZ, ShHWAEF—2icB8 Y 3:EEED
RN SEPASHLTEEB L, TOk®, FE2ETHL
TR LD X DT, BN TIKEN BN TEL

Lo Ed, —o0MAaBERINITH L T—>2 DEHEK
HELBTEILEOBREBVWOD, ThEbAREITB TS
RAD X DI, HMEKECIE L THD < FEEfLaR L&
HFET L CTHINT 21350 RVDh, AKBUFER T Tl
WICRESTL, LL, HEBERAEICIEZ RS b
v &S ERNBEGFEHEOHNA 5 5 &, FRITMA
RO 0, 15%faHB I TMABERD 2 sl BFEHEEN
FrrEENRTHY, £LESBICTHRLBTE LD
I, HEERAECX 2FEROBIGFRIEEETE, 3
Ll LoBIFEHEE 3L, EROFEREEEK
MLENWEEZEZ OND, &5 T, HEADOHHEEGH
DI G O RELUG D ERRIT B WT, bl
LoBFEREAZDRELAREb-72ELTh, ko
FEHMP S VWFREFNBEREBAETREZVEL
S52EbTE A,

—F, FRoEEBEIc T 5 1 R0 REREEM
DEEDRTREIC L » TRECRB s LISV TR,
HEOF L I2MRERETLH O, K0 ELHREET
HpHrEEZ NI, MEOERNBAT Y 55 1EA
Doy FRIRDHERICH 2T &0 0, AREERD
HOMRBIBEOHE ML 8213 L, HERHEOR
EDILRT B ERBGICEBI NG, &6, AT
PSS 1ERAD 0w 3, KVEXEOKEN 2HA
DIEOFEEEICBIT S 0. &0 /NS WY, K]
AR TRBNUNES S FHEC S T SN s
OLEFEHETIE L, SWmEHcl IO KELLEHT 2
&It B,

NSO EEEBET D E, ABONMHMED SF
BABID 0w & pi-ZHEE L, ZHITHE:S W THERER
WaRE L, ARG SERICTRT 2K 5HE, 2
ALl LoEREcB I 2 FEAMET 25 A TR
RN R WIEEE DD, Ny FHSGET S 15
BOBERHEICBVW TR T VMY TIRTVEEZ
S, TO1EHO/ Yy FISHTICOVTIE, A
TR OBHE A 103 LISNMTHEE 21 LS & 2 4 3K
W fE-T, TEBKRIE L ORFMEERORERM & 957
T L, EERORABHCB Y 2EMMEKRLEERZ, £
MITHE » THERIBIRIC 513 2 B RUR 2 3~ 5 D 75,
HE TREOFETHEEEZONS, LL, —




FEEFMBEICL S XY v 55 (Theragra chalcogramma) KEEEREE D O LT

HOFHTOBEIE T, EREHOPT LI OEES &
OIS 0 3 i < R EAH - SRRk Ic 823
HEmNRWIZSNIZ &), 27 MY ¥ SO0t
BEEZEZSLSATRAEMABERTHELVWA S, F1,
1R OBFEHETE I AEYTH - Th, 2Eallh
DEMBIC >V, Do aEEREREH Y TR
LD FEEMEZE L5 g 55 VR IE&ITE,
AFEPENEHEO—2 L5 THA D,

B4E SEEFRABICEIZTEMHKHZOEAR

EEEFRHEETIE, 50 UDKE L HEERIC
o T, MUBRE T DRI 5 B D TR A e 1 IX
FrE b, INEFEMBIONMBHICERL, 61
EREREEE T 2 2 itk b, #HEBEREMEICB T2
SfEET HEEE, H2ETENIEYTHE, —
#, BonimEOMHEREIC>VWTE, HTomk
NEET L, BEOREIFHNTETE, BEAT—- O
SEEEPESHEE (HAVWIEERE) 18D, T
#EZH 2 (Standard error of mean, SEM) (3, A

?—&@%ﬁ%?—&ﬁf%ot@®$ﬁmf?&m
n

b, COHBFEE, EMNITHMT LY v T, Z0D
SNBSS HWICHTITH 2 E5HRET
%, UL, EOEVERONH LG LSS v L
THROVWEADHNEZ L, Z1E, KL BRI
TREPERD L SADEANHN, HThOHNEH -
1RO TV SREL T oE R T
VLVl EnS RSB TE S, T,
2L OFBEFERHE BV TR, WAREBHNED 512
CHETZ2 X5, METEHERYS LR cHEAE
BRICEBESNZ I EHEZ WV, Lhl, TOLIBE
WMEERZS vy 7)) v I TRITVRD, v
IV DI IR 2 iR & 4 2 B 2 fE T Tk T g,
WEEORENHEFFE T2 EMNTEL L, Wi,
FEmEIC L cad MEAICERERET 5 &, JE
WICEEEICHAEET OO L, FABEEROBISESS
DHIEL, MiRsEad, 2K HETHROE S hE
WIEKBHEESHELTLE S, TOBEG, Hamh
SR 2 MIEAMLOEMRIHET 2 boo, il
BRI ARSI GOy — VA L WESITR, £
BROBVEHBAECTLE >, TOX D BETEZR
WS B, F—5 (=HECHE Mo zRs
o0, MHEAEE NS VAL SHHEL S B LD bRk
BHAECHROEESERZRS N, RSN TEL
(MacLennan and Simmonds, 1992),

AR, KEERBTONTHICBWT, + v 7 ILEo
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HOMBI %2 ZEic An - ZERRES (Geostatistics)
VWS F I BKRFTFENEAINE LD ICE - 12
(Rivoirard et al., 2000), Z #uiEXHRY) D221k
AW S R o—kET, NY A5 4 (variogram)
HBHWVIFa Y475 4 (covariogram) X ED, H
BZEMICHB T 57— 5 MOHE B E HSAHEB & DR
RERTBEEER VT, SRV OZE/MBIE S Mm%
T B, CHICESVTF — & OB HEET
EIROVEM N TOEES M OHEE P T DSEMOHEE %
AL T2 bDTH B,

KEGHDO B THO &N 5 ZERIMETFIE, KEL
43 Tlntrinsic 7 & 1-D Transitive £ EFEEN 5 2 &
¥ TH B, Intrinsic 13 2 IROLOFEHFH LICHE =
NrfRoF—y P oNFEEEZTT>r—2* (be—
WA, mEBWsE) tHwSsh BN, 1D
Transitive /% I3 EHBICEB S NI T — 7 D SRED
WEZITY> r— R, FRICEBEFEHAECZMASN
TWw3% (Petitgas, 1993; Williamson and Traynor,
1996), ARFTE T, 2 FE TR LI EBI B A S E M
DSEMZ%1-D Transitive i£% H WV THEE L, HERDH
HFRIck - TSN 2 BIFEOSEM & OFH#EICO L
THRET L7, F 7, FAEEMRORIREESEMDRER%E
1-D Transitive ZE 2 H VTR, [EEHRICE T 2 27
Y YT EBONMORBAERA S &L b, @Y
FHEERR IR I > W THRET L 7o

ik, ZERFEtFoEA MBI 5F, £ D
HEEERATE VTR, #HAERBRF v TV a v MY
EfE s, EYORHOEICE S BRFRICHAT
T b0 & LTy, HEPOREZRICEES
AR HREOZENEEBE L TV, RICHET
R ot 2 Z B 25 500id, 22 rs H O AERE &
Fhlic, R OREIC K B MBS W T b RETOHR
L1 5H, DITOHTRFMEEIC L 2RV D
D&L, ZEHPEHIHBE DLW TOAEKS,

4.1 1-D Transitive JEIC K 3 FERMANBEEEDIEER
EDHETE

M &EFE

19964F 6 H LIP%20024F 1 H & T Dl FEff L 7ol E
oS5, mHE6H (1998FE0ATH) BLU1H
WELCHAECBWTRONIT -5, HAE
BRNCEIE Lo 2 7 b o & S RIS R L,
IS W, TRoDF =513, H2HITBWLWTHE
WRBFEOHEEICH W T — 2 L LD TH b,
1-D Transitive i 0 Bl

1-D Transitive 7% (Petitgas, 1993) Z##MHTZ %
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F—y OHMBELEMELE LT, F— 9 ERRETIA THE
LbNbTEMkDBONBE, T/, TOLETHESN
5 DR EFROBGFENIEM S T DSEMDOATH D,
AEDADTEOHIEIC BT 2 EOHEE P, Thick

SOTIREED 2 v 4 —FIRIEE I TE IR,

WE, »2 1L LOEEO NG AEEZ S (Fig. 53
ERD, EIREO NI IIBEE k(x) TRENTW B,
75 7 ORIE 1IRT ETOF— 5 5 0 IRETH DA
B, fthdz oG hT 2EOEMTH 5, £ -
T, B k(x) 285 L CHIBR O T omfEZRD i,
HEBOHEMAE OGNS,

S =] k(x)dx 4.1

L L, MO EBWLEOSMER k) KA
THHENO, TOWEN O AAHETH 5,

Zzl7T, COBEFREMTET 2O EEREL
THMZITS . EEOEFNCHISIE DA x0 2RO,
Z I S ERIE a TBIIEE xotpa (pldEED ofi
EICHE LTV, TOES, HAEN&A x +palcB
M ko pa) (5, (18 x4 (o Lams

@+)aif®EW BB k(x) R ZEME R

ﬁ EDBTED, £-T, kixo +pa) iHIARIEa %
HuiirzreToflEdnELabEnE, HEEOAR
TR EfE

oo

S'(x,)= Y ak(x,+pa)=ay k(x,+pa)  (4.2)
p=—e p=—
MRE B, TNIFFig. 53 XD 7 5 7 kT, #iliA
KW S 70HEBEETE LADED T EITEHL L,
COBHTE, WRORME x ZERICEL, T
D OIEEE a XA TN ERE L TV o/, L, TO
MEOFESA x WD LI TRRES L Thid, Fig.
S3FKOEES S 7ItB I 28 ADN—DES IETE
fbL, Z0RELTHES S 7 0KRERE, TRbBH
FEOANMBHEEE S  bEbT 2 2 EMEIN S, C
NOHEE S DIXSDETH %, Wi, REDFE x
RIS a ORI TIHRA T S LS h S5 e BiE
HS AP LIENFES TH 5 -

lj’a S'(x,)dx, =S (4.3)
a 0

WEME S*DiRZESE (SEMD 2 3) F, HEfES»
SHEEM S™ 25|\ cED 2/THAOSNBDT,

o = 1[8-8 (x,)dx, (4.4)
a

EREns, 2o, BT E

,J P —25-87(xy) + S (xy)")dx,
25 .
_s.pf S(%m%+gLS(%ﬂho (4.5)

TITHE2IHIC 4.3) REMRALT

fj 2_95-S"(x,) +S'(x,)")dx,
1o 2 2

== [/ 8"(x,)'dx, =S (4.6)
a

185,

227, 46 RKogE2mHEALIET 5 HWT,
BEh#EiNn 28 x & x+th B30 B kx) &
k(x+h) OFEFER AL TO xITO>VTHES L “ax
) # 75 & (geometric covariogram, K (h))” &I
BNaXEEAT S, COHEIF, & 5EEEMREICET
57—y EOHCHBEOE S VW ERT !

)= [ k(x)-k(x+h)d %))

CoX%E, Ho5ws 2 HAMoEEh TN T B E, T
ORBBGEEO F|LHLLLED,

| Kmydh = [ " k(x)-

1275 %,
(4.6) X% 11HIZ

k(x+h)dxdh =S’  (4.8)

[ (xdx, = a* 3, K (pa) (4.9)

tEEs0T, R @6 i

o5’ =a ) Kpa)- [ Kh)ydh  (410)
=
EEXETIENTE S,

(4.10) KOHE1IHEIEZ, 4~ 7V v 7Rk pa i
Kpa) "R oN 2 7D ICFHEAETH 5, H2IHD
Kh) 3AHTH 20, DUToHEcky €705kl
SHTRDZ EMAFETH %,

9, F—s 05 Kpa)Dr 5 7E2EL, ThER
BRiga sy % 75 4 (Experimental covariogram)
EFE3s (Fig. S4BHR). IRIT, T/ 5 7 icHiwma N
) A4 275 & (Model covariogram) %3 Tl3®» 3
(Fig. 54540, BN ) 4 75 ADMTIIBICHT -
T, o UOHARBRSNEEHOEF vOh» 5
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f=k(x)

P
=
& K(+Ppa)
)
(@]
S=f k(x)dx
0 —— A\
Xg-a Xg Xgta Xg+2a 7 Xgtpa 1 Xgt(ptl)a
/ 1
Sampling point +®-5)a xHpt 3)a
Biomass:S =[ k(x)dx
f=K(x)
/
Q K(Xo)
< orpa]
8 I >—|_’
* )_‘
S =aZ K(x,+pa)
0 T T T T | )\2 T
Xg-a Xo Xgta Xot2a 7 Xgtpa 1Xgt(ptl)a
/ 1

1 1
Xo+(p- ?)a X0+(p+5)a

Estimator of S: S'=aX k(x,+pa)

Fig. 53. Schematic figure explaining the theory of the 1-D

transitive method

—OHBZVREBDOEFIVEERL, TNOED/NT A
S EFBEL, HASGDERASERK I N 75 A
NDYTIFHEITH o 1-D Transitive 7 T AJE7S
Bk & L Cld, EKIEE 7 v (Spherical model), {54 €
7V (Exponential model), #'7 % €7V (Gaussian
model), ##fZ® 7V (Triangular model) ® 4 FEiH D
BB S LT\ % (Petitgas and Prampart, 1993),
BEHaANY+75LTE, FEATOESE YL (silD,
INYA TS AN BEREE L Y Y (range) &
M8, Y37 — YOO RE S ZRL, Y
REVWIEE, 2OF =1y MBI EHEMBKEL

CEERT, FRMAHBOEKEHOC 257
(lag) &M (Hi#Efpa=lag p)o —MITa NV A7 5
L ofhfRE, FEfHETcREWEEEEZ 0D, LY
UHRE» O S S RREREN AICEBICTIETL, £
DRIF L v YOI EVEP» I L, 0T
% (Fig. 54)o ThiF, F— & ZINEE L A oiE
R WIS, F-sHMoBCHBEbLREVHD
D, 7 — 5 ISR OBEES LA 512> 0T, T —
sRlO B CHBEPEEINS BB EERT, &o
T, Hia N AT 56005 70 ENELMET
BENTIE R 2, B 5 W HENE IR £ TR
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PICEDT Bk ->T, HLICTF—F &y bITB
JBZEMECHRED s — v ZHMid 5 2 ENTE S,
HEa N4 7508 TRDIIBITIZ0VLD20OD
BRIV — VIOV T, Williamson and Traynor

(1996) LU T LI ITEHLTWVWS :

D EHINYF T 5600 BEROBKERASD
HTVWAEAR, 2o vy vo&EHE) 1, 5
=018 I AR I N A 75 LDHIT—FE
5,

D HERa A TS ADL YV (EROBEAHRAS
DETVEEAE, REEVL Y YDEFIVIIET
5Ly, FAEBROES (=&KI 7)Ic—]E
5,

3) MENE, FAMEITOMERa N &7 5 L0k
%%Vuk%<%%én%®f FriclwI OB s 7
SDXIMIEMEIC Y TR E 5 & 5 ICEET 3,
PDibo kS, Higa x4 75 L04TEHICD

DTV ODPIHIZTEBIRETELDLD 50, FEB
TS Y T D IS 2N, BEI S HEE
iitﬁi<, BDOIITE>THTROLERI N A

75 L DOFMEAHM LTV 5,

ZLT, BEPa ) A 756 EBGa NI 475
LOWmBFEERS L, 4.10) Rcht- AT &, #E
E L ICBIFROBENT CEARZINS ESEM) 7%
5N 5,

1-D Transitive 7£IZ & % BL17 5 #E5E il © SEM D #E &
Jiik

R EHWTERD 7 — 5 » o BEEHEEM
DSEM %K 5 #FEIC> W T, 19964FE 6 A1cEfE L 72
B REPNCHAT 5,

WA, FATEHE 8 74 ) MR TEITICISA
FEL, 247 vy sABRILEE L7 (Fig. 55)0
Wo2ETHENIEDY, COFEATHSNIEM LMK
HRIEDIEFEAERZT S S IKATH -1 EH
ZbNb, 7= RBMENLIS A ) @I b s g
HMldbiooNEEHELTBONS, MM NICH
\F B B EE DO A/NETFig. 55D IR F i iE s
57 TR LT, BEETRA SN ARG, &ER
Ok O SAMD B ITHH LTV EM DS, HiE
ERROHPH RO NHIHLTEL2ICHEEL TVt bD
LAHIHE B,

Bontc T — s @B - T2k Eicnid b
ﬁ,;ﬂ%ﬁg&hmttlﬁm@ﬁﬁu@ﬁﬁ5o
KERR Lic—F NIl A S BBE D 2 EREITE L
Abe, EREEOIEEIC LD - TS5 70
W~z (Fig. 566 TFTOES S 7), 75 7 Dlg%EE

AH

i
Ly

FEREEZEANE, OS5 7 OmMENFTHEREN
OHREFEHEBES S, 77— ZEMETIR0IA A
MiETHOMLTVwE0T, BERE NcHmid 208t
BEORMITY - T, EREDT— 5 D& HEICT—
g OSEERIR0.1H 4 ) (=185.2m) % 3 046EHH
%, &5IT, %ﬁﬁﬁA%®ﬁﬁﬁT%’w%L£¢
BiciE, SIS S NicERE O BRI ERREE 8 #
40(:m&%0%mit&a,éf® #oY % B

L&ab¥ s,

Wiz, BFREOREEHEEFMT 2, 18, Tl
[ED{EZ1Z 1-D Transitive EOFHEEZITH VY 7 b =
7 EVA2 (Petitgas and Lafont, 1997) %ﬂﬂh\’(ﬁﬁ
2o V7 b T T ICERBORHNGET -4 BLUT
ﬁﬁ@@%ﬂﬁ?%&,Fg.ML@ﬁTmbtﬁﬁ%
aNYF TS5 LB SN G, o kic, v MIT
HEL TV AHEEEOBRZ, 5 2 s 23 L,
LENLIET, KUY TRIVOBEZ S KR
WYX TS5 LERD B, 19964 6 A OFABHKEOF T
23 >ORLZEKEMAGOE CHRI NV A TS
LEMER L, BB a NI 47588 TRDE
(Fig. 544D, & &3 (4.10) iz L2Vl 2R
5y LIRS - IdER 20t CEAIRZRIESEM)
BEONDD, INOOFHERY 7 Y = 7 HEHN
IZiT95,

w R
AN, FhBNCEEERRT TN ) & 75 A % fE
L, Thoic4cildE s L5 2~3HOET VE
HAadbETHG /N A 75 252Ky, Eimp|HF
Eﬁm@éﬁ T Ok BL U T DOFHIRTH 5SEM
572 (Table 9, Fig. 46), %7, FhnIBEERTE
{[E, 1-D Transitive £ TE7<SEM, R O#EHFEEiC
EoWTEHRENASEMB LUz eh o L TR
5 N 7- SEM O HfFEHMEEE 126 9 2 ZFRE (Coeffi-
cient of Variation, CV) %Table 10iZ/r L 72,
SRR, 1-D Transitive % VTR 72SEM
W& BHEEBFROCVIE, ARTHLREE, 2D
7= ATRI0~20%FREICHE > 70, 77— 5 [ OMAT
ZHIPE L B RERDOHGETHEICES W TEHE L 7.SEM
DUIXLIEHEEMED 5 & ZBA 2 KEWEERL 2D
I, 1-D Transitive 2 & » TR 5N cSEMI
WEREICE > THONBSEMD1/2~1/15% THEEE
ZEMINT BRNED A S (Table 10),

£ =
EEEFEFHEIC X 2 BFEHEEOREEFMIC1-D
Transitive 2 BAT 2 Eicky, HEHEFED
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SEM%, EROHKEFTHEICLZEOHSD 1 F T
T5IENTE I, BT AMETFRIC L » THEEE
DIEFEMENZEALT 2D, 7 — ¥ OZERIN S H COHH
ERHT 20, TOEZEZERLTF -5 2HAIE
VERETEPDEVLLAELTWS, ¥ v 7 VI
PEERICIO U2 A OB d 3 & 2 OB ERFEHFEO
HEcarn, COACHBDOEAVWAREWVWEL, SE
MidfERFIT R TNE 185, WiT, F—yHick
< HEMHBADEEYD S WiGe, SEMZERFEIC L S
BERSRHECICR S, ERIIFICOMT H2R T b5
5 OBEG, EREICE SN ABAHEORNICE,
BTG - BEMBER R SN, Zhic & 3 SEM OB
BhREH B EHENI, TOXIBF—yIIHLT
F—y OWEMYTAZREST 2T &1, F— 2y OMEH
FRoOfERB X CHCOHBOEREZY D IET, BEsE
KICFEMi S 5 C &icis 5, PERDHETFEE RV THE
EBHFEOSEMAE KD 1551 id, CVS0% LA
BREIEAEE BN LIELIER SN (Table 10),
BEThNE, TOXIICTKEESEME LS HEEM ,
TORBEICRIERD 2 VI Z22 0 5, LaL,
[ L5 —#i1%t L Tl-D Transitive E&2EHT 5 &

1E14 T -~ Sl”
9E13
8E13
TE13
6E13
5E13

4E13 -

Covariogram K(h)

3E13

2E13 -

1E13
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12k, SEMWERFEDOHSD—F TN BEED
HTElF, F—IBHOPTOET— 5 DRNERFKRE
&b, TOZERMSESNC I HAEBEMEAE VTV
el &, $RObLRELMEE/NSEIE MIEAI
AL TObiFTidiEd, REWERL, /NS
[G]L:A3d 2 FEEETH: L 2o LBIc i L T Wic T & &R
B4 2bDTHb, LT, [EFHERETTNESN
27— % ORI, 1-D Transitive EZBEHL, HC
BB R 2 B I AN B RGBT TH 5 L WA B,
L, ZOHBEBEICOWTRABKRIT T~/
MbkahTwad, KWFFE T, Petitgas and
Prampart (1993) % & U'Petitgas (1996) ifitly, B
WIANVA TS LAORBRI NN A TS5 LAANDYTIRD
B I BT A FEE, 757 ETHDI"TIT-
2o EBDO L A, FEAMEDOKS 7ryicBid s an
VA7 5 LAD0YETEIDIZAHEYIITObOANEE, EF U
BEIRD NS Ay IWE/DEIT S ELTH, Bo5N 5
SEMICiZiZ LA EEBEELG AWV, LrL, fETS
FILk-oTRREILT— 7 I L TRE 3,95 2 7 NE
RENzr[REE NS D, S SICThPEFEEZOFEIC
KET 5 E0WH HTIER, KERESZOCHIAK R TR

0 2 4 6 8 10 12 14 16 18 (lag)
0 59,264 118,528 177,792 237,056 (m)
Distance

Fig. 54. Experimental 1-D transitive covariogram of the cumulated echoes.
The model fitted is K(h) =spherical (sill=454,000; range=18,000) +spherical
(s111=45,000; range="170,000) +Triangular (sill=85,000; range=251,872)
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Fig. 55. Distribution pattern of age-1 walleye pollock and their
cumulated number of individuals at each transect in June 1996

MM S, CORBEII>VWTIE, FE—BLIcEE-
TOVROLR, HEG N A7 S 20Tk L TIE
B NS ik O 7R B 15 BEHOEIR T
ErfEshcns (N—o—, 1986), &%, FtEH
DOFBI L SV ETIVERFEOIERP PRI N 5,

% 72, 1-D Transitive # Ti572SEMM» 5 13, EHHEK)
WWHEEEOXEHEEZITS CEMRTER VAT OEE
THEMEND B, VERORETTFHTIE, HEEMBD N
DIERAHHE2VIEF Lt DHBESSL LD E - 725y
HRICHES T EABELTE D, 2w IEENHE
Pt % W TSEM Y O f B HE E 8 o (5 X ] % 5

Hd 5 ENFEETH -7 LD L1-D Transitive i
T, HEEOAHHEEZEL Ty, HEEE
DSEMMAE LN TS, £ Ih 57 <IEFXE D HEE
IFET OV, HEEMOEFXE R & BT &
T AL, HEEONEYIaLr—va vl
o, XEMEEERIT> &, HtlolarssnET
»H5,

4.2 1-D Transitive JBIC K D AEEREIBORESRTE

TEEEIEIAR D LE B W, B TEEREORE
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3, FERREORBELML, £ /bR
THIATIHERICERETH b, fric, BEFEHEEMD
SEM#%1-D Transitive A TRD L D £ T 284, FEiT-
LRI ERRABLE T 5 O & SNEEEME L 1 B0, %
OBRICEMEFRE D TV ICLSEET S E, 77— 5
OHCOHBEMIEA 5hd, Bl s REMHEER L C
it > TLEW, 1-D Transitive %2 M9 3 Fll 5
DIEDPINIT O, Fh, Ry vy SN h vy —
YNy FHITH BT, ERERAIERT 3 &,
ZDNy FEREADMERPMMET L, ERICHESQ
ZEHEROLEFHNPREBIZIENTHEINS, KH
BEIEH BICH - T, MIOHM CEREEREEA
THCEAAEE L CHELRGTL, THREMRE 8 A
A VITRIE Lco TORER, 418icRlLickDiC, ©E
WHHBIC B 2 27 b9 55 DTy — VIT 32
)75 B CAHBIRIR B EE L (Fig. 54), fiEEBRFRED
SEM#EEIT1-D Transitive ERBNTH 5 T EM/RS
Ntce LoL, #IHEE LTRELLZS A ) OTER
MikEss, ESIcHfidT 227 455 0BEEB X
USEMHEEIZ B W THEBRIETH 2 0 EBnIco>0T
BWD TR T 2 LR D 5, AEiTIR, HULHE
ERMEROBEREHN E LT, ERIICERLREZ
b, 27t 955 oBFEIEEMS X OSEMICE
D& 5 BEALDHE L BT > W THRET L 72,

M &EFE

EREREOFAGERICI, 2EEOFT— 2y M %
MW 7oo ERRREIRR O KIS > BERHEEMB L O
SEM D ZEALDfFHTIc i, 4.18iT&HWVA19964 6 H
OHBERICE SN BEMERO 7 -y 2H Wi, 8
A ) MR TERESNIERBCEONLLRAT bY S
I 1 ADHERF— D55, (1) RTOERH»S
BonaNMmiERER VG, (2 1 KB X0ER
NoEONBENTHIEROAZH VS Z &k, T
OfIEZ 245 (1644 1)) KL TEELLES, ) 2
ABEZXOEHP LB ONINHBEROAZHVWE &
kb, THROMEEZ 3/ C4n4Y) ITLTHEL
PEA, ®3y—viconwT, HERKEBB LY
ZOSEMA#HE L, COEX, 1XHZVIF2AB
T ICEREHREH O 2858, BAEVTNOTERICE
KTk ->T, 1ARBEOEREREHVIEEITE 2
MO F— 40, 72488 & OEHIERER VI
BITI3HEHEO T — sk 5 LiTis B,

—77, ERERE S A ) XL LAEaoE
oW Tld, 19984 7 H O &R I ERBRIINGT 217 -
foo BEEIRRE M SR IC RPN Am LIc X by
551, 2MANRE LT, WEOERO PRI

e ZER T (Fig. 56), @HEROMUER TICHIBIE
MamiEd s Licky, ERRERE4A A1) TOREE
A TEHR 2 Nk L 7o fliBIER TS W T HEEER &
FEficBR e sl <L, 77— % 2L 7,

R

EFNTNOEROMAGLEICBLTE LN ZHF
HHEEM & £ ODSEM % Table 118 & U'Fig. 57ic/k L
o SEOENIER L7 — % &y b T, #HEO
B, REPERICREOMBENETICHM LIS
LT (Fig. 55), C OMBENTIERA L Ti%E
HAEDLEORIZELLEMITE > T, HEERKEM
BLUSEMIZAE < ZB L 7 (Table 11, Fig. 575
REMOHMAGDLRICE T B, THBIOERAENH
B %Fig. 58Ic/mltce T35 706, EEBB X
UD Bz fid 2 BRSO EG I X TR TK
=<, ThoDE/EGUHAAEDLYE (Fig. 58A, B,
D, F) kBwTld, BIFEHEER AL, 77— 7/
DN BIEAR Lo —F, TNODOEMES LV
HobE (Fig. 58C, E) ltbBWVWTld, &EHICHT
BOTEREVWKIECEEE, hoF— DN
b/NSK BB ENRSNI, THEETHROMAED
VICBFBa N+ 75 8I0BVWTS, EREBBXIUD
ratlaabricswTid (Fig. 59A, B, D, F),
JHEMEIEB83 5 v voma B L7 L, SEMoLKIZ
S T EMTRE NI,

19984 7 HicFE e L /-l @ 0B InERE <, 3
A FENE L 7R IC & - THIBERR O ZhRITE WS
Btz (Table 12, Fig. 60), BREOFHEL R IcEK S
<1, 2o BIFEREMSB X OUSEMIE, MER
DB & v HiTED L (Table 12, Fig. 60), %
THREEEORE A2 /RITCVIE 1A TIE21%» 513
%N, 2RAICBWVTIZAY» S 14% ~ &R L
(Table 12), #®HBIEROBIMNIC & 2 HEERHBE M)A
HoNt. LHL, WEOFAEEREICES O CRED
AHREAET - AT, WBEREEML CHHER
HEMEEB L UOSEMON S & bt kKEBE A OGNS
(Table 12, Fig. 60), FciEEHGFEOCV H20% D
A% TR EZA LE9° (Table 12A), HEEFSEH Eo%)
RiFsontsrotc, THHOFEICHVIERED
AR iR A Fig. 6LIR LTz, BRIOEAKEEICB T
31,2 A0NT s — vl (Fig. 61 LKD), &
BQIAOMEOE =7 Bd D, THAML oI NMEEE
HITERNAD RS A ITED T 2 HEIRA SNt
IhE, EAEROATHELIT-IEETS, b
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Table 9a. Parameters of model covariograms to fit to

the experimental covariogram (1)

Survey Time No. Mean 2 Experimental Model covariogram B SEM by
period  Age Transect ind./line ‘ covariogram Model 1 Model 2 Model 3 Ik (tr%lﬂu;e
Sill  Range Model  Sill Range Model Sill  Range Model  Sill Range x10" ind.)
Jun. 1996 Day
1 17 11,104.1 2.9E+08 9.9E+13 251,872 Sph  T7.7E+13 18,000 Sph  7.6E+12 70,000 Tri 1.4E+13 251,872 2.1E+17 458.1
Night
1 18 6,538.1 3.5E+07 2.0E+13 266,688 Sph  9.0E+12 18,000 Tri  8.0E+12 240,000 Tri 3.0E+12 266,688 2.5E+16 158.9
Jan. 1998 Night
0 15 57.6  3.4E+03 1.4E+09 222,240 Sph  6.0E+08 20,000 Sph  8.0E+08 222,240 1.7E+12 1.3
1 15 702.6 1.1E+06 3.3E+11 222,240 Sph  3.0E+11 45000 Sph  3.0E+10 222,240 3.7E+14 191
2 15 5,383.7 1.7TE+08 4.2E+13 222,240 Sph  4.0E+13 32,000 Tri 1.8E+12 222,240 6.3E+16 251.7
3 14 525.1 2.6E+06 5.5E+11 207,424 Sph 54E+11 19,000 Tri 1.3E+12 207,424 14E+15  37.2
4 5 18.2  1.1E+03 - -
Jul. 1998 Day
1 7 1,157.5 2.8E+06 3.9E+11 103,712 Exp 3.9E+11 52,000 8.3E+14 288
2 18 656.0 2.4E+06 7.3E+11 266,688 Sph 54E+11 37,000 Exp 1.9E+11 80,000 Tri 1.0E+09 266,688 1.1E+15 32.7
3 19 1,337.1 2.2E+06 1.1E+12 281,504 Sph  5.7E+11 33,000 Tri 3.1E+11 250,000 Tri 2.0E+11 281,504 9.4E+14  30.7
4 19 112.3  2.5E+04 1.0E+10 281,504 Sph  6.2E+09 26,000 Exp 2.0E+09 150,000 Tri  2.0E+09 281,504 1.6E+13 4.0
Night
1 10 458.2 5.4E+05 1.0E+11 148,160 Sph  4.7E+10 18,000  Tri  5.5E+10 63,000 Tri 1.0E+09 148,160 1.6E+14 12.5
2 18 448.7 6.6E+05 2.2E+11 266,688 Sph  7.0E+10 44,000 Exp 1.5E+11 60,000 Tri 1.0E+09 266,688 3.7TE+14 19.2
3 19 1,555.3 4.4E+06 1.9E+12 281,504 Sph  8.6E+11 26,000 Exp 7.5E+11 100,000 Tri 2.5E+11 281,504 2.9E+15 54.0
4 19 125.8 1.2E+04 7.8E+09 281,504 Sph  3.8E+09 44,000 Tri  3.0E+09 250,000 Tri 1.0E+09 281,504 5.4E+12 2.3
Jan. 1999 Day
0 19 9.3 3.1E+02 1.1E+08 281,504 Sph  9.4E+07 35000 Tri 1.4E+07 85,000 Tri 1.0E+06 281,504 1.5E+11 0.4
1 19 363.5 8.5E+05 2.6E+11 281,504 Gau 24E+11 29,000 Tri 1.8E+10 75000 Tri 3.0E+09 281,504 7.5E+13 8.7
2 19 218.8 3.2E+05 1.0E+11 281,504 Sph 5.9E+10 34,000 Exp 4.0E+10 50,000 Tri 1.0E+09 281,504 1.8E+14 13.4
3 19 2619 3.1E+05 1.0E+11 281,504 Sph  4.6E+10 16,000 Sph  5.0E+10 52,000 Tri 5.0E+09 281,504 1.9E+14 13.9
4 19 6.5 5.5E+01 2.7E+07 281,504 Sph  1.6E+07 18,000 Sph  5.8E+06 120,000 Tri  5.0E+06 281,504 4.5E+10 0.2
5 2 - - - -
6 10 2.2 1.0E+01 2.1E+06 148,160 Sph  1.9E+06 16,000 Gau 1.6E+05 140,000 Tri 5.0E+04 14,816 5.9E+09 0.1
7 7 1.1 LIE+00 2.1E+05 103,712 Sph  1.2E+05 15,000 Sph  9.0E+04 103,712 4.9E+08 0.0
Night
0 19 274 2.3E+03 8.3E+08 281,504 Sph  7.5E+08 33,000 Tri T7.0E+07 75,000 Tri  1.5E+07 281,504 1.2E+12 1.1
1 19 325.0 5.0E+05 1.6E+11 281,504 Sph 1.6E+11 55000 Tri 5.0E+09 180,000 Tri 1.0E+09 281,504 1.7E+14  12.9
2 19 217.5 2.0E+05 6.7E+10 281,504 Sph  6.3E+10 55,000 Tri 2.4E+09 150,000 Tri  1.0E+09 281,504 6.7E+13 8.2
3 19 3154 2.0E+05 8.2E+10 281,504 Gau 7.2E+10 50,000 Tri  6.0E+09 160,000 Tri  4.0E+09 281,504 4.1E+12 2.0
4 19 13.2 5.4E+02 1.9E+08 281,504 Sph  1.3E+08 24,000 Sph 5.0E+07 45,000 Tri 1.3E+07 281,504 3.9E+11 0.6
5 2 - - - -
6 10 2.7 26E+01 4.5E+06 148,160 Sph  3.8E+06 24,000 Sph 6.0E+05 62,000 Tri 1.0E+05 148,160 1.0E+10 0.1
7 7 2.3 1.6E+01 2.0E+06 103,712 Sph 1.2E+06 20,000 Sph  7.0E+05 45,000 Tri 4.0E+04 103,712 4.0E+09 0.1
Jun. 1999 Day
1 19 127.6  7.9E+04 2.6E+10 281,504 Sph  1.0E+10 18,000 Sph  1.5E+10 58,000 Tri  9.0E+08 281,504 4.1E+13 6.4
2 19 305.2 1.4E+05 6.3E+10 281,504 Sph  3.3E+10 18,000 Sph 1.2E+10 140,000 Tri 1.8E+10 281,504 9.4E+13 9.7
3 19 221.6 3.8E+04 2.4E+10 281,504 Sph  1.0E+10 16,000 Tri 1.2E+10 255,000 Tri  2.0E+09 281,504 3.3E+13 5.7
4 19 659.9 6.0E+05 2.8E+11 281,504 Sph 1.4E+11 35000 Sph 1.4E+11 281,504 24E+14 154
5 19 57.3 2.9E+03 1.7E+09 281,504 Sph  7.3E+08 95000 Sph  9.6E+08 281,504 6.0E+11 0.8
6+ 14 10.1 1.2E+02 4.4E+07 207,424 Sph  8.0E+06 26,000 Tri 2.8E+07 75,000 Tri 7.8E+06 207,424 3.4E+10 0.2
Night
1 14 69.3 2.6E+04 6.0E+09 207,424 Sph 5.7E+09 17,000 Tri  2.0E+08 160,000 Tri  8.0E+07 207,424 1.6E+13 4.0
2 14 258.3 1.2E+05 3.7TE+10 207,424 Exp 2.7E+10 60,000 Tri 8.0E+09 150,000 Tri  2.0E+09 207,424 5.3E+13 7.3
3 14 255.5 5.5E+04 24E+10 207,424 Sph 1.2E+10 16,000 Tri 1.0E+10 190,000 Tri  3.0E+09 207,424 3.9E+13 6.3
4 14 671.8 1.0E+06 2.9E+11 207,424 Sph 2.2E+11 19,000 Tri 4.0E+10 190,000 Tri 3.0E+10 207,424 5.7TE+14 23.8
5 14 88.8 1.9E+04 5.4E+09 207,424 Sph  4.4E+09 17,000 Tri  6.0E+08 180,000  Tri  4.0E+08 207,424 1.2E+13 3.5
6+ 14 29.3 4.3E+03 1.0E+09 207,424 Sph  8.8E+08 18,000 Tri  8.0E+07 80,000 Tri 4.0E+07 207,424 2.4E+12 15
Jan. 2000 Day
0 18 232.8 3.3E+05 9.4E+10 266,688 Sph 4.6E+10 19,000 Exp 5.0E+10 75,000 Tri 2.0E+08 266,688 1.9E+14 13.7
1 18 255.0 2.6E+05 8.4E+10 266,688 Sph  4.7E+10 45000 Sph  3.6E+10 95000 Tri 1.0E+09 266,688 7.7TE+13 8.8
2 17 130.5 8.5E+04 2.4E+10 251,872 Sph  1.9E+10 38,000 Sph  5.0E+09 130,000 Tri 1.0E+08 251,872 3.1E+13 5.6
3 18 59.2 1.2E+04 4.0E+09 266,688 Sph  2.5E+09 38,000 Sph  1.5E+09 135,000 Tri  2.0E+07 266,688 4.3E+12 2.1
4 18 985 3.4E+04 1.1E+10 266,688 Sph  9.5E+09 38,000 Sph  2.5E+09 160,000 Tri  2.0E+08 266,688 1.4E+13 3.7
5 18 54 15E+02 4.5E+07 266,688 Sph  3.0E+07 18,000 Sph  1.5E+07 90,000 Tri 4.0E+05 266,688 8.8E+10 0.3
6+ 4 0.3  3.1E-01 - -
Night
0 18 222.9 7.5E+04 3.3E+10 266,688 Sph  2.6E+10 98,000 Tri  5.0E+09 200,000 Tri 2.0E+09 266,688 1.6E+13 4.0
1 18 487.3 2.0E+06 5.8E+11 266,688 Sph  3.6E+11 24,000 Sph 2.2E+11 40,000 Tri 5.0E+09 266,688 1.2E+15 34.9
2 18 174.0 2.3E+05 6.5E+10 266,688 Sph  6.0E+10 32,000 Tri 4.0E+09 90,000 Tri 1.0E+09 266,688 9.6E+13 9.8
3 19 95.9 4.6E+04 1.5E+10 281,504 Sph  1.2E+10 28,000 Sph  3.0E+09 140,000 Tri  4.0E+08 281,504 2.7E+13 5.2
4 19 218.1 1.3E+05 4.7E+10 281,504 Sph 1.8E+10 16,000 Sph 2.6E+10 85000 Tri 4.0E+09 281,504 7.3E+13 8.5
5 19 11.8  1.2E+03 3.5E+08 281,504 Sph  3.2E+08 18,000  Tri  3.0E+07 100,000 Tri  4.0E+06 281,504 8.5E+11 0.9
6+ 6 1.7 9.7E-01 3.1E+05 88,896 Sph 1.3E+05 40,000 Tri 1.8E+05 88,896 2.TE+08 0.0

Sph: Spherical model, E

xp: Exponential model, Gau: Gaussian model, Tri: Triangular model
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Table 9b. Parameters of model covariograms to fit to the experimental covariogram (2)
Survey Time No. Mean 2 Experimental Model covariogram B SEM by
period Age Transect ind./line : covariogram Model 1 Model 2 Model 3 T (tr%lﬂm;e
Sill  Range Model  Sill Range Model Sill  Range Model  Sill Range x10" ind.)
Jun. 2000 Day
119 2315 1.1E+05 45E+10 281,504 Sph  3.3E+10 41,000 Tri 8.0E+09 60,000 Tri 3.6E+09 281,504 5.3E+13 7.3
219 142.2 14E+04 9.4E+09 281,504 Sph  3.6E+09 23000 Tri 5.5E+09 260,000 Tri 4.0E+08 281,504 9.9E+12 3.1
319 190.1 84E+04 3.3E+10 281,504 Sph  24E+10 42,000 Tri  55E+09 240,000 Tri 3.0E+09 281,504 3.5E+13 5.9
419 1384 43E+04 1.7E+10 281,504 Sph  1.1E+10 40,000 Tri 4.0E+09 170,000 Tri 1.4E+09 281,504 1.8E+13 4.2
5 19 354.3 2.3E+05 9.6E+10 281,504 Sph  6.3E+10 43,000 Tri  2.3E+10 190,000 Tri 1.O0E+10 281,504 9.0E+I13 9.5
6+ 19 178 4.1E+02 2.0E+08 281,504 Sph  1.3E+08 40,000 Tri 4.6E+07 260,000 Tri 2.0E+07 281,504 2.0E+I11 0.5
Night
119 1205 1.0E+04 6.8E+09 281,504 Sph 4.8E+09 58,000 Tri 2.0E+09 281,504 50E+12 2.2
219 2719 B8.8E+04 44FE+10 281,504 Sph  2.2E+10 22,000 Tri 1.8E+10 220,000 Tri 4.0E+09 281,504 59E+13 7.7
319 204.6 1.9E+04 1.7E+10 281,504 Sph  5.4E+09 27,000 Tri 1L1E+10 266,000 Tri 1.0E+09 281,504 1.4E+13 3.7
419 157.1 1.4E+04 1.IE+10 281,504 Sph  3.6E+09 38,000 Tri 4.0E+09 240,000 Tri 3.0E+09 281,504 6.4E+12 2.5
5 19 530.7 2.3E+05 1.4E+11 281,504 Sph  5.2E+10 28,000 Tri 8.2E+10 220,000 Tri 6.0E+09 281,504 1.2E+14 11.2
6+ 18 50.8 2.0E+03 1.2E+09 266,688 Sph  4.8E+08 18,000 Tri  6.0E+08 230,000 Tri 1.0E+08 266,688 1.4E+12 1.2
Jan. 2001 Day
0 19 1155 55E+04 1.8E+10 281,504 Sph  1.3E+10 17,000 Sph 5.0E+09 70,000 Tri 1.0E+08 281,504 4.1E+13 6.4
119 119 47E+02 1.7E+08 281,504 Sph  4.5E+07 20,000 Exp 1.2E+08 100,000 Tri 1.0E+06 281,504 25E+I11 0.5
219 105 6.4E+02 2.0E+08 281,504 Sph  1.8E+08 18,000 Sph  1.8E+07 120,000 Tri 5.0E+06 281,504 4.8E+11 0.7
319 7.6 56E+02 1.7E+08 281,504 Sph  1.6E+08 17,000 Tri 4.0E+06 120,000 Tri 2.0E+06 281,504 4.4E+11 0.7
419 53 25E+02 7A4E+07 281,504 Sph  6.9E+07 16,000 Sph  2.5E+06 120,000 Sph  2.5E+06 281,504 2.1E+11 0.5
5 19 158 14E+03 4.5E+08 281,504 Sph  3.6E+08 15000 Tri 7.0E+07 100,000 Tri 2.0E+07 281,504 1.3E+12 1.1
6+ 19 24 27E+01 8.9E+06 281,504 Sph  7.0E+06 16,000 Tri 1.2E+06 120,000 Tri 7.0E+05 281,504 2.2E+10 0.1
Night
0 19 16211 9.2E+06 3.2E+12 281504 Sph  6.0E+11 48,000 Exp 26E+12 100,000 Tri 1O0E+10 281,504 3.6E+15 60.1
119 62.6 2.6E+04 8.1E+09 281,504 Sph  39E+09 28,000 Sph 4.0E+09 48000 Tri 1.5E+08 281,504 1.3E+13 3.6
219 418 1.4E+04 4.1E+09 281,504 Sph  35E+09 35000 Tri 6.0E+08 52,000 Tri 2.0E+07 281,504 5.7E+12 2.4
319 198 2.1E+03 6.6E+08 281,504 Sph  6.3E+08 50,000 Sph  2.0E+07 150,000 Tri  1.0E+07 281,504 6.8E+11 0.8
419 104 4.8E+02 1.6E+08 281,504 Sph  1.5E+08 54,000 Tri 9.0E+06 281,504 16E+11 0.4
5 19 270 2.1E+03 7.5E+08 281,504 Sph  5.8E+08 48,000 Sph  1.2E+08 150,000 Tri  5.0E+07 281,504 6.8E+11 0.8
6+ 19 34 24E+01 9.6E+06 281,504 Sph 7.6E+06 45000 Sph  2.0E+06 281,504 95E+09 0.1
Jun. 2001 Day
1 14 63956 27E+07 L4E+13 207,424 Sph 52E+12 18000 Tri 6.5E+12 180,000 Tri 2.0E+12 207,424 1.5E+16 123.8
217 944 20E+04 7.1E+09 251,872 Sph  55E+09 19,000 Tri 1.2E+09 180,000 Tri 4.5E+08 251,872 1.4E+13 3.8
317 167.4 36E+04 1.6E+10 251,872 Sph  7.IE+09 40,000 Tri 7.5E+09 165000 Tri 1.0E+09 251,872 1.2E+13 3.5
419 80.0 T7.9E+03 3.9E+09 281,504 Sph  L7E+09 42,000 Tri  1.6E+09 165000 Tri 6.0E+08 281,504 2.8E+12 1.7
5 17 75.9 6.5E+03 3.0E+09 251,872 Sph  LIE+09 32,000 Sph  15E+09 180,000 Tri 4.0E+08 251,872 22E+12 15
6 17 280.7 1.0E+05 4.4E+10 251,872 Sph  2.2E+10 35000 Sph  L1E+10 150,000 Sph LIE+10 251,872 3.8E+13 6.2
T+ 19 53 28E+01 1.5E+07 281,504 Sph  1.0E+07 40,000 Tri 3.1E+06 195000 Tri 1.7E+06 281,504 1.6E+10 0.1
Night
1 18 52887 34E+07 1.6E+13 266,688 Sph  9.0E+I12 22,000 Tri 55E+12 200,000 Tri 1.5E+12 266,688 2.4E+16 155.1
217 774 9.5E+03 3.8E+09 251,872 Sph  25E+09 18,000 Tri  LOE+09 210,000 Tri 3.0E+08 251,872 6.8E+12 2.6
317 202.2 89E+04 3.1E+10 251,872 Sph  1.5E+10 25000 Sph  1L1E+10 90,000 Sph 5.0E+09 251,872 4.4E+13 6.7
419 96.2 1.9E+04 7.7E409 281,504 Sph  4.8E+09 33,000 Sph  1.5E+09 100,000 Sph  1.4E+09 281,504 8.5E+12 2.9
5 17 82.1 T7.5E+03 35E+09 251,872 Sph  1.9E+09 32,000 Tri 8.2E+08 140,000 Tri 8.0E+08 251,872 3.2E+12 18
6 17 297.7 1.2E+05 5.1E+10 251,872 Sph  8.0E+10 88,000 Tri 15E+10 150,000 Tri 6.0E+09 251,872 4.9E+13 7.0
T+ 19 106 3.9E+02 1.4E+08 281,504 Sph  1.0E+08 32,000 Tri 2.7E+07 70,000 Sph 7.0E+06 281,504 1.8E+11 0.4
Jan. 2002 Day
0 17 494.9 55E+05 1.9E+11 251,872 Sph  1.5E+11 17,000 Gau 3.6E+10 160,000 Tri  3.0E+09 251,872 4.2E+14  20.5
1 18 16783 15E+07 45E+12 266,688 Sph  3.6E+12 18000 Gau 9.0E+11 60,000 Tri 1.0E+10 266,688 9.7E+15 98.4
2 14 22.3 3.9E+03 8.5E+08 207,424 Sph  15E+08 15000 Exp 7.0E+08 30,000 Tri 2.0E+06 207,424 3.1E+12 1.8
311 2.0 28E+01 4.7E+06 162,976 Sph  3.6E+06 17,000 Tri 1.1E+06 46,000 Tri 3.0E+04 162,976 1.1E+10 0.1
4 9 0.7 4.1E+00 55E+05 133,344 Sph 5.5E+05 16,000 Tri 1.0E+03 133,344 L7E+09 0.0
5 9 09 6.6E+00 9.0E+05 133344  Tri 9.0E+05 15000 Tri 2.0E+03 133344 2.9E+09 0.0
6 11 1.1 75E+00 1.3E+06 162,976 Sph  9.5E+05 17,000 Tri 3.7E+05 46,000 Tri 1.0E+04 162,976 2.9E+09 0.1
Night
0 18 866.3 6.0E+05 3.5E+11 266,688 Sph  1.2E+11 17,000 Tri 22E+11 205000 Tri 15E+10 266,688 3.7E+14 19.3
119 25148 16E+07 6.1E+12 281,504 Sph  6.0E+I12 80,000 Tri 1.0E+11 281,504 55E+16 2345
216 459 1.4E+04 35E+09 237,056 Sph  29E+09 18,000 Sph 6.5E+08 85000 Tri 2.0E+07 237,056 7.9E+12 2.8
311 6.9 2.8E+02 5.0E+07 162,976 Sph 4.1E+07 18000 Gau 9.0E+06 50,000 Tri 2.0E+05 162,976 L1E+11 0.3
4 9 28 4.1E+01 6.0E+06 133344 Sph 5.1E+06 17,000 Gau 9.0E+05 50,000 Tri 1.0E+04 133344 14E+10 0.1
5 9 2.6 28E+01 4.2E+06 133,344 Sph  3.7E+06 17,000 Gau 45E+05 62,000 Tri 1.0E+04 133,344 1.0E+10 0.1
6 11 48 1.IE+02 2.0E+07 162,976 Sph 1.6E+07 17,000 Gau 3.5E+06 50,000 Tri 1.0E+05 162,976 4.4E+10 0.2

Sph: Spherical model, Exp: Exponential model, Gau: Gaussian model, Tri: Triangular model
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Fig. 56. Transects and the distribution pattern of walleye pollock at age in July 1998. The rectangle drawn
in thick line indicates the area where the intensive track was added

Table 11. Variation of the estimated standing stock and SEM of age-1 walleye pollock in Doto, June 1996,
in relation to the combination pattern of the transects

Combination pattern of the transects (naiﬁtzlfvrilﬂes) ot (x1,oosot,?)gg ind.) (x1,00%%1(\)/(§ ind) CV
A All transects 8 17 2,797 458 16%
B Skip every other transect (I: include line B&D) 16 9 4,271 813 19%
C Skip every other transect (2) 16 8 1,323 94 7%
D Skip every three transects (1: include line B) 24 6 4,389 1,374 31%
E Skip every three transects (2) 24 6 1,270 163 13%
F Skip every three transects (3: include line D) 24 ) 2,731 925 19%

(G All transects, assuming mutual independence 8 17 2,797 1,033 37%)
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Fig. 57. Comparison of the stock estimator and SEM of age-1 walleye pollock in the Doto area,
June 1996, derived by various transect interval. Letters in parentheses under the bars corre-
spond to the transect combination in Table 11
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Fig. 58. Cumulated number of individuals of age-1 walleye pollock at each transect in June 1996. Letters in
parentheses on the graphs correspond to the transect combination in Table 11
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Fig. 59. Covariograms derived from the distribution of of age-1 walleye pollock with three different transect
intervals. Letters in parentheses on the graphs correspond to the transect combination in Table 11
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Fig. 60. Variation of the stock estimator and SEM of walleye pollock at age under the
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Table 12. Variation of the stock estimator and SEM by adding the intensive track

Awe Time Transect No. of Interval Stock SEM v
g period transect (nautical miles)  (X1,000,000) (x1,000,000)
D Main transect 5 8 119.6 25.0 21%
% }Intensive track 9 4 98.1 13.1 13%
1
. Main transect 6 8 67.6 12.7 19%
Night .
+Intensive track 11 74.4 14.8 20%
D Main transect 5 8 153.9 33.2 22%
% JlIntensive track 10 4 125.0 17.2 14%
2
) Main transect 6 8 83.4 15.1 18%
Night .
+Intensive track 11 4 96.9 18.9 20%
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Fig. 61. Cumulated number of individuals of walleye pollock at each transect on the
area SE of Cape Erimo, indicated in Fig. 56
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Fig. 62. Variation of the covariogram of the distribution patterns of wall-
eye pollock at each age under the different conditions: Day-Night and
with-without intensive track
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Table 13. Numerical abundance/standing stock at age of walleye pollock used for the regression analyses

Numerical abundance derived by VPA
A Data set to correspond to the surveys conducted in early summer

Year age-1 age-2 age-3 age-4 age-d age-6

1996 3,750.6

1997 2,544.5

1998 402.8 436.3 1,540.1 609.3 247.8

1999 318.2 264.3 290.8 916.8 300.8 235.5*
2000 296.1 188.7 152.7 204.5 477.5 247.8*
2001 381.7 199.5 108.2 89.3 113.5 215.0

(X1,000,000 ind.)

B Data set to correspond to the surveys conducted in winter

Year age-1 age-2 age-3 age-4 age-5 age-6 age-7
1998 402.8 436.3 1,540.1 609.3 247.8

1999 318.2 264.3 290.8 916.8 300.8 132.0

2000 296.1 188.7 152.7 204.5 471.5 1414 106.4
2001 381.7 199.5 108.2 89.3 113.5 215.0 114.4*

(1,000,000 ind.)
Standing stock estimated by acoustic surveys
C Early summer

Daytime age-1 age-2 age-3 age-4 age-5 age-6
Jun.1996 2,796.8
Jul.1998 120.0 175.0 376.4 31.6 0.6
Jun.1999 35.9 85.9 62.4 185.8 16.1 2.1*
Jun.2000 65.2 40.0 53.5 39.0 99.7 5.0*
Jun.2001 1,326.6 23.8 42.2 22.5 19.1 70.7
Nighttime age-1 age-2 age-3 age-4 age-5 age-6
Jun.1996 1,745.5
Jul.1998 67.9 119.7 437.8 35.4 2.0
Jun.1999 9.7 53.6 53.0 139.4 18.4 6.1*
Jun.2000 33.9 76.5 57.6 44.2 149.4 13.5*
Jun.2001 1,410.4 19.5 50.9 271 20.7 75.0
(1,000,000 ind.)
D Winter
Daytime age-0 age-1 age-2 age-3 age-4 age-5 age-6
Jan.1999 2.6 102.3 61.6 73.7 1.8 0.1
Jan.2000 62.1 68.0 32.9 15.8 26.3 1.4 0.0*
Jan.2001 32.5 3.3 3.0 2.1 1.5 4.5 0.7*
Nighttime age-0 age-1 age-2 age-3 age-4 age-5 age-6
Jan.1998 12.8 156.2 1,196.5 108.9 1.4
Jan.1999 7.7 91.5 61.2 88.8 3.7 0.0
Jan.2000 61.0 129.9 46.4 27.0 61.4 3.3 0.2*
Jan.2001 456.3 17.6 11.8 5.6 2.9 7.6 1.0*

(1,000,000 ind.)
Only the data of numerical abundance that corresponds to the acoustic estimators are shown.
Values marked with asteriscs indicate the combined data of the older age groups.
Dominant 1995 year class are written in bold.
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Table 14. Regression functions of the numerical abundance of the Japanese Pacific population of
walleye pollock against the standing stock estimated by the acoustic surveys in Doto

95% confidence

Correspondence of the No. of

Surye&f age group D P%egression intervals of the p value
perio (Acoust.- VPA) ata unctions regression coefficients
Early summer
Daytime
1-1 5 y= 456 + 1.1 x ( 0.1 ~ 2.1) 0.038
(exclude 2000yc) 4 y= 246.8 + 1.3 x ( 1.2 ~ 1.3) 0.000
(exclude 1995 & 2000yc) 3 y= 2059 + 11 x ( -76 ~ 99) 0.349
1-2 4 y= 1545 + 0.9 x ( 0.8 ~ 0.9) 0.000
(exclude 1995yc) 3 y= 1486 + 09 x ( 1.7 ~ 3.6) 0.139
2-2 4 y= 1373 + 1.7 x ( 0.8 ~ 25) 0.014
3-3 4 y= -385 + 4.2 x ( 3.3 ~ 5.1) 0.002
(exclude 1995yc) 3 y=-280.7 + 8.8 x ( -329 ~ 50.5) 0.227
4-4 4 y=175.0 + 4.0 x ( -45 ~ 12.5) 0.180
(exclude 1995yc) 3 = 25,6 + 89 x ( -395.6 ~ 413.3) 0.827
9-0 4 y=193.2 + 2.7 x ( -34 ~ 8.9) 0.199
(exclude 1995yc) 3 y= 265.6 — 3.8 x ( -117.7 ~ 110.2) 0.747
6-6 3 y= 2428 — 04 x ( -26 ~ 1.8) 0.268
Nighttime
1-1 b) y= 1844 + 13 x ( -1.0 ~ 3.6) 0.166
(exclude 2000yc) 4 y= 265.0 + 2.0 x ( 1.9 ~ 2.1) 0.000
(exclude 1995 & 2000yc) 3 y= 2809 + 1.6 x ( -12.7 ~ 15.9) 0.397
1-2 4 y= 166.9 + 1.4 x ( 1.3 ~ 1.4) 0.000
(exclude 1995yc) 3 y= 1678 + 1.3 x ( -38 ~ 6.5) 0.187
2-2 4 y= 1273 + 2.2 x ( -29 ~ 7.2) 0.209
3-3 4 y= -6.2 + 35 x ( 23 ~ 48) 0.007
(exclude 1995yc) 3 y= 1483 + 0.7 x ( -3523 ~ 353.6) 0.985
4-4 4 y= 898 + 59 x ( -68 ~ 18.6) 0.182
(exclude 1995yc) 3 y= 802 + 6.2 x ( -391.9 ~ 404.3) 0.875
9-5 4 y= 1984 + 18 x ( -20 ~ 9.6) 0.177
(exclude 1995yc) 3 y= 266.2 — 3.3 x ( -116.0 ~ 1093) 0.772
6-6 3 y= 244.8 0.4 x ( -3.0 ~ 2.2) 0312
Winter
Daytime
0-1 3 y= 3439 — 04 x ( -18.8 ~ 18.0) 0.842
(exclude 2000yc) 2 y=319.1 — 04 x ( -~ - )
0-2 2 y= 1883 + 0.2 x ( -~ - )
1-2 3 y= 1858 + 0.5 x ( -71 ~ 8.2) 0.529
2-3 3 y= 830 + 3.1 x ( 91 ~ 15.3) 0.191
3-4 3 y= 439 + 118 x ( 39 ~ 19.6) 0.033
(exclude 1995yc) 2 = 716 + 8.4 x ( -~ - )
4-5 3 y= 188.3 + 11.0 x ( -7L.1 ~ 93.2) 0.337
(exclude 1995yc) 2 y=-823.1 + 624.4 x ( -~ - )
5-6 3 y= 1233 + 19.7 x ( -279 ~ 67.4) 0.120
(exclude 1995yc) 2 y=131.3 + 7.2 x ( -~ - )
6-7 2 y= 1064 + 114 x ( -~ - )
Nighttime
0-1 4 y= 3384 + 0.1 x ( -06 ~ 0.8) 0.642
(exclude 2000yc) 3 y= 3699 — 1.1 x ( -20.8 ~ 18.5) 0.596
0-2 3 y= 2288 — 0.4 x ( -17.3 ~ 16.4) 0.806
1-2 4 y= 1564 + 1.2 x ( -34 ~ 5.7) 0.382
2-3 4 y= 136.3 + 1.2 x ( 09 ~ 1.5) 0.004
(exclude 1995yc) 3 y= 538 + 3.3 x ( -20.2 ~ 26.8) 0.328
3-4 4 y= 65.6 + 6.8 x ( 4.7 ~ 18.2) 0.126
(exclude 1995yc) 3 y= 648 + 5.0 x ( 41 ~ 6.0) 0.010
4-5 4 y= 2089 + 44 x ( -38 ~ 12.5) 0.147
(exclude 1995yc) 3 y= 1978 + 8.6 x (-1,036.5 ~ 1,053.6 ) 0.934
5-6 3 y= 1219 + 115 x ( -43.0 ~ 65.9) 0.228
(exclude 1995yc) 2 y= 132.0 + 2.9 x ( -~ - )
6-7 2 y= 1044 + 9.9 x ( -~ - )

The functions written in bold are statistically significant.
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Fig. 64. Correspondence of the estimator of the standing stock at age of walleye pollock in the Doto area
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terval of the regression coefficient; paired solid curves indicate 95% confidence interval of the distribution
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Fig. 65. Correspondence of the estimator of the standing stock at age of walleye pollock in the Doto area
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